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TN THR T JNTTED STATES PAT F.NT & TRADFMARK OFFICE 
IN RE APPLICATION OF : 

YASUHIRO YONEDA ET AL : ATTN: APPLICATION DIVISION 

SERIAL NO: NEW U.S. APPLICATION : 
(Based on PCT/JPOO/04571) 

FILED: HEREWITH : 

FOR: POLISHING LIQUID COMPOSITION : 

PRELIMINARY AMENDMENT 

ASSISTANT COMMISSIONER FOR PATENTS 
WASHINGTON, D.C. 20231 

SIR: 

Prior to examination on the merits, please amend the above-identified application as 
follows: 

TN THE CLAIMS 

Please cancel Claim 8. 

Please amend the claims as shown on the marked-up copy following this amendment 
to read as follows: 

7. (Amended) The polishing liquid composition according to Claim 1, further 
comprising an oxidizing agent, an abrasive or a mixture thereof 

9. (Amended) A process for polishing a semiconductor substrate, comprising 
polishing a surface to be polished comprising an insulating layer and a metal layer using the 
polishing liquid composition of Claim 1, thereby smoothening the semiconductor substrate. 



J 

10. (Amended) A process for manufacturing a semiconductor substrate comprising 
polishing a surface to be polished comprising an insulating layer and a metal layer using the 
polishing liquid composition of Claim 1, thereby smoothening the semiconductor substrate. 



REMARKS 

Claims 1-7 and 9-10 are active in the present application. Claim 8 has been canceled. 

Claims 7 and 9-10 have been amended to remove multiple dependencies. Claim 7 has been 

amended to include further components of the polishing liquid composition. Amended Claim 

7 is supported by the specification on page 5, lines 1-3. No new matter is added. An action 

on the merits and allou^ance of claims is solicited. 

Respectfully submitted, 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 



Norman F. Obion 
Attorney of Record 
Registration No. 24,618 

Stefan U. Koschmieder, Ph.D. 
Registration No. 50,238 

Surinder Sachar 
Registration No. 34,423 



22850 

(703) 413-3000 

Fax #: (703)413-2220 

NFO/SUK/sjh 
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Marked-Up Copy 

Serial No: 

Amendment Filed on: 




TNTHR CLAIMS 

7. (Amended) The polishing Uquid composition according to [any one of claims 1 to 
5] Claim 1. further comprising an oxidizing agents an abrasive or a mixture thereof 

8. (Canceled). 

9. (Amended) A process for polishing a semiconductor substrate, comprising 
polishing a surface to be polished comprising an insulating layer and a metal layer using the 
polishiQg liquid composition of [any one of claims 1 to 8] Claim L thereby smoothening the 
semiconductor substrate. 

10. (Amended) A process for manufacturing a semiconductor substrate comprising 
polishing a surface to be polished comprising an insulating layer and a metal layer using the 
polishing liquid composition of [any one of claims 1 to 8] Claim 1 . thereby smoothening the 
semiconductor substrate. 
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WHKftfPCT/PTO HHJm^ 

DESCRIPTION 
POLISHIN G LIQUID COMPOSITION 

5 TTCCHNTCAL FIELD 

The present invention relates to a poHshing liquid composition for 
polisliing a surface to be polished comprising an insulating layer and a 
metal layer. More specifically, the present invention relates to a polishing 
hquid composition which is appUcahle as a means of forming embedded 

10 metal interconnection on a semiconductor substrate, a process for polishing, 
and a process for manufacturing a semiconductor substrate. 

BACKGROUND ART 

In the process for manufactxiring a semiconductor device, comprising 

1 5 the steps of forming interconnection-shaped recesses on a surface of the 
insulating film on a semiconductor substrate, sedimenting a metal film 
made of copper or the like on the insulating film having the recesses, and 
subjecting the metal film to polishing treatment by a pohshdng device and a 
polishing liquid, thereby allowing the metal layer to remain only in the 

20 recesses to form a metal interconnection layer, wherein Metal Chemical 
Mechanical PoHsMng (hereinafter simply referred to as "metal CMP") is 
employed for the process of poHshing. 

However, in the metal CMP, there arise grooves so-called dishing on 
the metal interconnection layer in the recesses of the insulating film, so that 

25 the cross-sectional area of the metal iaterconnection layer is reduced, 
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thereby causing an increase in electric resistivity. This dishing is caused by 
more excessive polishing or etching of the surface of the metal 
interconnection layer than that of the insulating film surface by the 
pohshing liquid composition. Especially copper, one of the main metal 
5 interconnection, has defects of being excessively etched by the polishing 
liquid composition, so that the dishing is likely to be caused. 

Therefore, there has been desired a poHshing hquid composition free 
from defects such as dishing in the metal layer during the formation of 
interconnection, with retaining an etching action for polishing the metal 

10 film on the insulating film. 

As a conventional polishing liquid, for instance, Japanese Patent 
Laid-Open Nos. Hei 8--83780 andHei 11-21546 each discloses a polishing 
liquid comprising benzotriazole or a derivative thereof as a protective film- 
forming agent for the metal surface in order to prevent the dishing. Since 

15 the formed protective film is rigid, when the metal layer is polished in the 
metal CMP, the poHshing speed would become insufficient. In addition, 
Japanese Patent Laid-Open No. Hei 11-116942 discloses a composition for 
polishing, comprising a compound having 1 to 10 alcoholic hydroxyl groups, 
or a nitrogen-containing basic compound having 1 to 10 alcoholic hydroxyl 

20 groups. This composition for polishing has a purpose of reducing particles 
deposited on a wafer surface in final pohshing of the semiconductor wafer, 
so that the problems to be solved are different. 

In addition, Japanese Patent Laid-Open No. Hei 10-44047 discloses 
a polishing Hquid comprising an aqueous medium, an abrasive, an oxidizing 

25 agent, and an organic acid. However, since the etching action is too strong, 
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the prevention for dishing wotild be insufficient. Further, Japanese Patent 
Laid-Open No. Hei 11-195628 discloses a process for polishing in which a 
polishing liquid is used in combination with ammonium polyacrylate as a 
substance for suppressing oxidation and etching. However, in the metal 
CMP in which a metal layer made of copper or the like is polished, there 
arises surface roughening of the copper surface caused by ammonium 
polyacrylate. 

An object of the present invention is to provide a polishing liquid 
composition capable of maintaining a polishing speed of a metal film, 
suppressing an etching speed, and having an excellent prevention effect 
such as dishing of the metal interconnection layer, in a surface to be 
polished comprising an insulating layer and a metal layer; a process for 
polishing; and a process for manufacturing a semiconductor substrate. 

These objects and other objects of the present invention will be 
apparent firom the following description. 

DISCLOSURE OF TNVENTION 

Spedfically, the present invention relates to: 
[1] a polishing liquid composition for polishing a surface to be polished 
comprising an insulating layer and a metal layer, the polishing liquid 
composition comprising a compound having a structure in which each of two 
or more adjacent carbon atoms has a hydroxyl group in a molecule, and 
water (hereinafter also referred to "the polishing Hquid composition 1-1"); 
[2] a polishing Hquid composition for polishing a surface to be polished 
comprising an insulating layer and a metal layer, the polishing liquid 
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composition comprising an aliphatic carboxyEc acid having 7 to 24 carbon 
atoms and/or a salt thereof, an etching agent, and water (herdnafter also 
referred to "the polishing liquid composition 1-2"); 

[3] a polishing Hqnid composition for polishing a surface to be polished 
comprising an insulating layer and a metal layer, the polishing liquid 
composition comprising an amine compound represented by the following 
general formula (XO- 



wherein K,^ is a linear or branched aUcyl group having 4 to 18 carbon atoms, 
a linear or branched alkenyl group having 4 to 18 carbon atoms, an aryl 
group having 6 to 18 carbon atoms, and an aralkyl group having 7 to 18 
carbon atoms; each of and R^, which may be identical or different, is 
hydrogen atom, a hnear atkyl group having 1 to 8 carbon atoms or a 
branched alkyl group having 3 to 8 carbon atoms, or a group represented by 
H-(0RS)2r-, wherein R^ is a linear alkylene group having 1 to 3 carbon atoms, 
or a branched alkylene group having 3 carbon atoms; and Z is a number of 1 



and/or a salt thereof, an etching agent, and water (hereinafter also referred 
to "the polishing hquid composition 1-3"); 

[4] the polishing liquid composition according to any one of items [l] to 
[3] above, further comprising an oxidizing agent (hereinafter also referred to 
"the polishing Uquid composition 2"); 



e3— N 




(n) 



to 20, 
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[5] the polishing liquid composition according to any one of items [l] to 
[4] ahove, further comprising an abrasive (hereinafter also referred to "the 
polishing liqtiid composition S")l 

[6] a process for polishing a semiconductor substrate, comprising 
5 polishing a surface to be polished comprising an insulating layer and a 

metal layer using the polishing liquid composition of any one of items [l] to 
[5], thereby smoothening the senuconductor substrate; and 
[7] a process for manufacturing a semiconductor substrate comprising 
poHshing a surface to be polished comprising an insulating layer and a 
10 metal layer using the polishing liquid composition of any one of items [ll to 
[5], thereby smoothening the semiconductor substrate. 

BEST MODE FOR CARRYING OUT THE INVENTION 

As mentioned above, the polishing Hqmd composition of the present 
15 invention is a polishing liquid composition for polishing a surface to be 
pohshed comprising an insulating layer and a metal layer, and has the 
following three embodiments. 

Embodiment i: A polishing liquid composition comprising a compound 
20 having a structure in which each of two or more adjacent carbon atoms has 
a hydroxyl group in a molecule, and water. 

Embodiment 2- A poHshing liquid composition comprising an aHphatic 
carboxylic acid having 7 to 24 carbon atoms and/or a salt thereof, an etching 
agent and water. 

25 Embodiment 3: A polishing liqmd composition comprising an amine 
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compound represented by the following general formula (II): 




(n) 



wherein is a linear or branched alkyl group having 4 to 18 carbon atoms, 
a hnear or branched alkenyl group having 4 to 18 carbon atoms, an aryl 
group having 6 to 18 carbon atoms, and an aralkyl group having 7 to 18 
carbon atoms; arid each of and BP, which may be identical or different, is 
hydrogen atom, a hnear alkyl group having 1 to 8 carbon atoms or a 
branched alkyl group having 3 to 8 carbon atoms, or a group represented by 
H-(OR^)z-, wherein R^ is a linear alkylene group having 1 to 3 carbon atoms, 
or a branched alkylene group having 3 carbon atoms; and Z is a number of 1 
to 20, 

and/or a salt thereof, an etching agent, and water. 

In this embodiment, one of the great features resides in the use of a 
compound having a structure in which each of two or more adjacent carbon 
atoms has a hydroxyl group in a molecule (hereinafter simply referred to as 
"hydroxyl group-containing compound"). By the use of the pohshing hquid 
composition comprising the hydroxyl group-containing compound, the 
poHshing speed can be maintained, and excessive etching of a metal film in 
the metal layer can be prevented, so that there is exhibited an excellent 
effect that a poHshing surface without defects such as dishing can be 
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obtained. 

In the hydroxyl group-containing compound, from the viewpoint of 
maintaining the polishing speed and suppressing dishing, the number of 
adjacent carbon atoms having a hydroxyl group in a molecule is 2 or more, 
preferably from 2 to 10, more preferably from 2 to 7, especially preferably 
from 2 to 4. 

In addition, as the structure of the hydroxyl group-ccptaining 
compound, it is particularly preferable that the structure in which each of 
two or more adjacent carbon atoms has a hydroxyl group is present in the 
terminal portion of a molecule. 

Examples thereof include a compound represented by the formula CD- 
RL.X-(CH2),-[CH(OH)]n-CH20H CD 

wherein is a hydrocarbon group having 1 to 24 carbon atoms; X is a 
group represented by (CH2)m, wherein m is 0 or 1, oxygen atom, sulfur atom, 
COO group, OCO group, a group represented by NR2 or 0(R20)P(0)0, 
wherein R2 is hydrogen atom or a hydrocarbon group having 1 to 24 carbon 
atoms; q is 0 or i; and n is an integer of 1 to 4. 

In the formula (D, the hydrocarbon group of R^ may be either 
aliphatic or aromatic group, and the aliphatic group is preferable. The 
structure of the aliphatic group may be saturated or unsaturated, or linear 
or branched. From the viewpoint of suppressing dishing, a saturated 
structure is preferable, and a linear structure is preferable. In addition, the 
number of carbon atoms of the above hydrocarbon groups is preferably I or 
more, from the viewpoint of suppressing the dishing, and the number of 
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carbon atoms is preferably 24 or less, from tbe viewpoint of the solubility of 
the compound represented by the formula (I) in water. The number of 
carbon atoms is more preferably from 1 to 18, stiU more preferably £com 2 to 
12. Eadi of m and q is preferably 1. The number of carbon atoms of is 
preferably 12 or less, more preferably 8 or less, still more preferably 4 or 
less, from the viewpoint of suppressing the dishing. Espedally, is 
preferably hydrogen atom or methyl group, n is preferably 2 or less, more 
preferably 1, from the viewpoint of suppressing the dishing. 

In addition, the hydroxyl group-containing compound may have 
various functional groups other than hydroxyl group in a molecule. From 
the viewpoints of maintaining the polishing speed and suppressing the 
dishing, those compounds which do not contain carboxyl group, sulfonate 
group, primary amino group or phenoHc hydroxyl group are preferable. 

The hydroxyl group-containing compound has a molecular weight of 
preferably 5000 or less, more preferably 1000 or less, especially preferably 
500 or less, from the viewpoints of maintaioing the pohshing speed and 
suppressing the dishing. 

The hydroxyl group-containing compound has an acid dissociation 
constant pKa in an aqueous solution of preferably 8 or more, more 
preferably 9 or more, especially preferably 10 or more, from the viewpoints 
of maintaining the poHshing speed and suppressing the dishing. However, 
in a case where the hydroxyl group-containing compound has two or more 
dissociable functional groups in a molecule, pKa referred herein is a first 
dissociation constant. In addition, the solubility of the hydroxyl group- 
containing compound at a pH usable for a pohshing Mquid composition is 
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such that the compound dissolves preferably at 0.5% by weight or more, 
more preferably at 1.0% by weight or more, in water at 25*0, from the 
viewpoint of formulating the hydroxyl group containing compound in an 
aqueous medium. 

Concrete examples of these hydroxyl group-containing compoTinds 
include alkanediols such as 1,2-butanediol, 1.2-heptanediol, 1,2-hexanediol 
("a" in Table 1 mentioned below), and 1,2-octanediol; alkanetriols such as 
1,2,3-hexanetriol, 1,2,6-hexanetriol, and 1,2,3-heptanetriol; glyceryl ethers 
such as butyl glyceryl ether ("b" in Table 1 mentioned below), pentyl 
glyceryl ether, hexyl glyceryl ether, and octyl glyceryl ether; monoglycerides 
such as glyceryl monobutanoate, glyceryl monopentanoate, glyceryl 
monohexanoate, glyceryl monoheptanoate ("c" in Table 1 mentioned below), 
and glyceryl monooctanoate; partially esterified products prepared by 
carrying out esterification reaction of gluconic add and an alcohol such as 
hessyl alcohol; compoxmds prepared by reacting glyddol with a 
monoalkylamine such as hexylamine or a dialkylamine such as 
dipropylamine ("d" in Table 1 mentioned below); diesters of tartaric add 
such as diethyl tartrate, dibutyl tartrate, dipropyl tartrate ("e" in Table 1 
mentioned below), and dihexyl tartrate; 1,2-cydohexanediol, and the like. 
Among them, from the viewpoints of maintaining the pohshing speed and 
suppressing the dishing, the alkanediols and the glyceryl ethers are 
preferable. These hydroxyl group-containing compoxmds may be used alone 
or in admixture of two or more kinds. 

The amount of the hydroxyl group-containing compounds formulated 
is preferably from 0.01 to 30% by weight, more preferably from 0.05 to 5% 
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by weight, still more preferably from 0.1 to 3% by weight, of the polishing 
liquid composition 1-1, from the viewpoints of maintaining the polishing 
speed and suppressing the dishing. 

Water usable in this embodiment is used as a medium. Its amount 
formulated is preferably from 60 to 99.99% by weight, more preferably from 
70 to 99.4% by weight, stiU more preferably from 80 to 99.0% by weight, of 
the poUshing Uquid composition 1-1, from the viewpoint of efficiently 
polishing the substrate to be polLshed. 

The polishing liquid composition 1-1 of this embodiment having the 
composition described above has a pH of preferably from 2 to 11, more 
preferably from 2 to 7, stDl more preferably from 2 to 6, especially 
preferably 3 to 5, from the viewpoints of keeping a polishing speed at a 
practical level, suppressing the dishing, and removing frne scratch damages 
on the surface. In order to adjust the pH within the above ranges, an 
inorganic add such as nitric acid or sulfuric acid, an organic add, a basic 
substance such as potassium hydroxide, sodium hydroxide, ammonia, or an 
organic amine can be appropriately added, as occasion demands. 

In addition, the polishing hquid composition 1-1 of this embodiment 
may further comprise an organic add. 

In this embodiment, since the organic add is used, the organic add 
forms a complex with or binds to various metals, espedaUy copper, 
constituting the metal layer, so that the metal layer is made brittle, 
whereby exhibiting an effect that the removal of the metal layer is made 
easy during polishing. 

In addition, espedally, the organic acid can be used in combination 
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with a compound having a structure in which each of two or more adjacent 
carbon atoms has a hydroxy! group in a molecule, whereby maintaining the 
polishing speed and preventing the dishing. 

The organic add is an organic compoimd showing acidic property. 
5 These organic compounds showing acidic property include those having 
ftmctional groups such as carboxyl group, phosphonic group, phosphinic 
group, sulfonic group, sulfinic group, phenol group, end group, thiophenol 
group, imido group, oxime group, aromatic svdfamide groups, and primary 
U and secondary nitro groups. 

^ 10 The organic add usable in this embodiment has a molecular weight of 

^ preferably 1000 or less, more preferably 500 or less. 

The organic add having carboxyl group includes monocarboxylic 
adds having 1 to 24 carbon atoms, dicarboxyUc adds, hydroxycarboxylic 
^ adds and aminocarboxylic adds are preferable, from the viewpoint of the 

15 solubility in water. The number of carbon atoms is more preferably 1 to 18 
; carbon atoms, stiU more preferably 1 to 12 carbon atoms, espedally 

preferably 1 to 8 carbon atoms, most preferably 1 to 6 carbon atoms. 
Concrete examples thereof indude monocarboxylic adds, such as formic add, 
acetic add, propionic add, butyric add, valerianic add, caproic add, and 
20 pjrmvic add; dicarboxyhc acids such as oxalic add, malonic acid, succinic 

add, glutaric add, and adipic acid; hydroxycarboxylic adds such as gluconic 
add, tartaric add, glycoHc acid, lactic add, dtric add, and malic acidJ 
aminocarboxylic add such as nitrilotriacetic add. The organic add having 
phosphonic group includes aminotri(methylenephosphonic add), 
25 1-hy droxyethyhdene-1 , 1-diphosphonic add. 
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ethylenediaminetetraOnethylenephosplionic add) , 
hexamethylene(Haininetetra(methylenepliosphonic add), 
dieliiyleneiaiaminepentaOnetliylenepliosplionic add); the organic add 
having phosphinic group includes ethyl phosphite, and the likeJ the organic 
add having sulfonic group indudes methanesulfonic add, benzenesulfonic 
add, jtT-toluenesulfordc add, naphthalenesulfonic add, and the like; the 
organic add having sulfinic group indudes benzenesulfinic add, 
p-toluenesulfinic add, and the like. Among them, the organic adds having 
carboxyl group are preferable. More concretely, monocarboxyhc adds, 
dicarboxylic adds, hydroxycarboxylic adds and aminocarboxyhc adds are 
preferable, and acetic add, oxaHc acid, succinic add, glycolic add, lactic add, 
dtric add, malic add, tartaric add, gluconic add and nitrilotriacetic add 
are more preferable, and glycoHc add and gluconic acid are stiJl more 
preferable. These organic adds may be used alone or in admixture of two or 
more kinds. 

The organic add is used in a state in which water is used as a 
medium in the polishing liquid composition 1-1. The amount of the organic 
add formulated in the polishing liquid composition 1-1 can be widely 
selected for the purposes of securing the polishing speed at a practical level 
to remove the metal layer, and preventing excessive etching of the metal 
layer. The amount of the organic acid formulated is, for instance, preferably 
from 0.1 to 10% by weight, more preferably from 0.2 to 8% by wdght, still 
more preferably from 0.3 to 5% by weight. 

In addition, among the above organic acids, a compound capable of 
dissolving and etching a metal, espedaHy copper in the copresence of an 
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aqueous medium, and having an etching speed "a" of 3 A/min or more, as 
obtained by the following etching test A can be used as an etching agent. 
Specifically, in the etching test A, first a copper ribbon (commercially 
available firom K.K Nirako; thickness: 0.10 mm, width: 6 mm) having a 
length of 100 mm is furnished, and the surface dirt or the like is wiped of 
with a sheet of paper. Thereafter, the copper ribbon is subjected to 
ultrasonic cleaning for one minute in a state of being immersed in normal 
hexane, and thereafter the surface is sufficiently degreased and dried. 
Subsequently, its metal test piece is coiled into a helical form so that an 
entire surface of the ribbon is immersed in the polishing Hquid, to give a 
metal test piece before test. The weight before immersion is determined by 
accurate balance. 

Next, the etching agent is diluted to give a 2% by weight aqueous 
solution thereof. Further, 100 g of the etching solution of which pH is 
adjusted to 8 ± 0.5 with aqueous ammonia is furnished in a 150 cc beaker 
(K.K Teraoka, 150 cc disposable cup), and the above metal test piece is 
immersed at 25®C for 12 hours. During immersion, the etching solution is 
stirred with a magnetic stirrer, to an extent that the copper ribbon rotates 
along with the flow of the etching solution. After the test, the copper ribbon 
surface is sufficiently wiped off, and its weight is again determined by 
accurate balance, to give a weight after the test. The amount of reduced 
thickness of copper is calculated from the weight loss of the copper ribbon 
before and after the test, and the resulting amount is divided by the etching 
time period to determine an etching speed "a." From the viewpoint of 
obtaining a practical pohshing speed, an etching agent having an etching 
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speed "a" obtainable from the above etching test of 3 A/min or more is 
preferable, more preferably 5 A/min or more, still more preferably 10 A/min 
or more. The etching speed "a" in this case may be an etching speed of two 
or more etching agents used in combination. 

In addition, as the etching agent, an inorganic acid which is capable 
of dissolving and etching a metal, especially copper, in the copresence of an 
aqueous medium, and having an etching speed "a" obtainable from the 
above etching test A of 3 A/mia or more can be used. 

Ai&ong the organic acids, from the viewpoint of having an 
appropriate etching speed, preferable etching agents include one or more 
compounds selected from the group consisting of the following A to D. Also, 
the following inorganic acids E are usable as an etching agent. 
A* aliphatic organic acids having 6 or less carbon atoms and one to three 
carboxyl groups; 

B: aromatic organic adds having 7 to 10 carbon atoms and one to four 
carboxyl groups; 

C: organic acids having 6 or less carbon atoms and one to four 

phosphonic groups; 
D" polyaminocarboxylic acids having in a molecule two or more 

structiires represented by the formula Gil): 

— N-CH2C00H (in) 

and 

E: inorganic acids. 
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Concretely, the aliphatic organic add of the group A having 6 or less 
carbon atoms and one to three carboxyl groups includes monocarboxylic 
acids, such as formic acid, acetic add, and propionic add; polycarboxylic 
adds, such as oxalic add, malonic add, succinic add, glutaric add, adipic 
add, and tricarballylic add; hydroxycarboxyUc adds sudi as glycolic add, 
lactic add, 2-hydroxypropionic add, maHc add, tartaric add, dtric add, 
and gluconic add; amino adds such as glycine, alanine, and aspartic add; 
and the like. The aromatic organic add of the group B having 7 to 10 
carbon atoms and one to four carboxyl groups includes benzoic add, phthaHc 
add, trimellitic add, pyromeilitic add, mandeHc add, saHcyHc add, and the 
Hke. The organic add of the group C having 6 or less carbon atoms and one 
to four phosphonic groups indudes phosphonic adds such as 
methylphosphonic acid and phenylphosphonic add; phosphinic adds such as 
methylphosphinic add and phenylphosphinic add; phosphonic add esters 
sudi as methyl ester of phosphonic add; aminophosphonic adds such as 
aminotriCmethylenephosphonic add) and 
l-hydroxyethylidene-l-diphosphonic addJ and the hke. The 
polyaminocarboxylic add of the group D having in a molecule two or more 
structures represented by the formula CUI) indudes 
ethylenediaminetetraacetic acid, nitrilotriacetic add, 
diethylenediaminepentaacetic add, triethylenetetraminehexaacetic acid, 
hydroxyethylethylenediaminetetraacetic add, and the like. The inorganic 
acid of the group E includes hydrochloric acid, perchloric acid, sulfuric acid, 
nitric acid, phosphoric add, phosphonic add, phosphinic add, and the like. 
Among them, from the viewpoint of the polishing speed, preferable are the 
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polycarboxylic adds or hydxoxycarboxylic adds belonging to the group A or 
B; aminophosphonic adds belonging to the group C; polyaminocarboxylic 
adds of the group D having in a molecule two or more structures 
represented by the formula (LEO; and hydrodiloric add, sulfuric add, nitric 
add, and phosphoric add belonging to the group E. More preferable are 
oxalic add, succinic add, glycolic add, lactic add, dtric add, maHc add, 
gluconic add, phthaHc add, aminotri(methylenephosphonic add), 
l-hydroxyethyHdene-l-diphosphonic add, ethylenedtanunetetraacetic add, 
hydrochloric add, and sulftiric add. These etching agents may be used 
alone or in admixture of two or more kinds. In this embodiment, glycolic 
add and gluconic add are espedally preferable. 

These etching agents, for instance, have the following etching speed 
V-* Glycohc add, 60 A/min,' dtric add, 25 A/min; phthalic add, 50 A/min; 
aminotiiCmethylenephosphonic add), 10 A/min; ethylenediaminetetraacetic 
add, 30 A/min; acetic add, 70 A/min, glycine, 40 A/min; hydrodiloric add, 
400 A/min; and sulfuric add, 100 A/min. 

When the etching agent usable in this embodiment is used in the 
preparation of a polishing liquid composition, with proviso that the 
composition does not comprise the hydroxyl group-containing compound, in 
which an oxidizing agent, abrasive grains, and the like are further 
copresent, it is preferable to adjust the kinds, contents, and the like, so that 
the etching liquid composition has an etching speed ''b" obtainable from the 
following etching test B of 20 A/min or more. The etching test B is carried 
out in the same procedures as in the etching test A, except that the copper 
ribbon is immersed in a polishing liquid composition comprising, as an 
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etching solution of the etching test A, water, an abrasive and an etching 
agent, and, if necessary, an oxidizing agent, at room temperature (25°C) for 
2 hours, and that the pH is adjusted to 4.0 ± 0.5. The etching speed 
obtained by the etching test B is referred to as "etching speed V." From the 
viewpoint of obtaining a practical polishing speed, the etching speed "b" 
obtainable from the above etching test B is preferably 20 A/min or more, 
more preferably 30 A/min or more, still more preferably 50 A/min or more. 
The etching speed "b" in this case may be an etching speed of a polishing 
liquid composition in which two or more etching agents are used in 
combination. 

In this embodiment, since the etching agent is used, the etching 
agent forms a complex with or binds to various metals, especially copper, 
constituting the metal layer, so that the removal of the metals is made easy 
as water-soluble salts and/or chelated compounds, whereby exhibiting an 
effect that the polishing speed of the metal layer is increased during 
polishing. 

The amount of the etching agent formulated in the polishing hquid 
composition 1-1 can be variously selected in order to secure the polishing 
speed at a practical level to remove the metal layer, and to prevent 
excessive etching of the metal layer. The amount of the etching agent 
formulated is preferably from 0.1 to 10% by weight, more preferably from 
0.2 to 8% by weight, stiU more preferably &om 0.3 to 5% by weight, of the 
polishing Hquid composition 1—1. 

Embo<^ iTnfiTit 2 
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In this embodiment, one of the largest features resides in that the 
above aliphatic carboxyHc acid having 7 to 24 carbon atoms and/or a salt 
thereof and the etching agent are used in combination. Since the aliphatic 
carboxyHc acid having 7 to 24 carbon atoms and/or a salt thereof has an 
action of lowering the etching speed, the poHsliing speed at a practical level 
can be maintained and excessive etching of the metal film in the metal layer 
can be prevented by the use of a polishiiig liq\dd composition comprisiiig 
these compounds and the etching agent. Therefore, there is exhibited an 
excellent effect that the polishing surface without defects such as dishing 
can be obtained. 

From the viewpoints of maintaining the poHshing speed and 
suppressing the dishing, the aliphatic carboxyHc acid and/or a salt thereof 
has 7 to 24 carbon atoms. Further, firom the viewpoints of keeping the 
solubility in the poHshing Hquid, the low-foamabiHty, and the poHshing 
speed at practical levels, and suppressing the dishing, these compounds 
have preferably firom 7 to 20 carbon atoms, more preferably firom 7 to 16 
carbon atoms, still more preferably firom 7 to 12 carbon atoms, especially 
preferably fifom 7 to 10 carbon atoms. 

In addition, the hydrocarbon group of the aHphatic carboxyHc acid 
and/or a salt thereof may be saturated or unsaturated, or Hnear or branched. 

In addition, the salts of the aHphatic carboxyHc acids may be any of 
ammonium salts, salts of organic amines, and alkaH metal salts. From the 
viewpoint of preventing staining of the semiconductors, ammonixun salts, 
and salts of organic amines such as salts of monoethanolamine, salts of 
diethanolamine, salts of triethanolamine, and salts of triethylamine. 
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Concrete examples of these aliphatic carboxylic adds and salts 
thereof include linear, saturated aliphatic carboxylic adds such as 
heptanoic add, octanoic add, nonanoic add, decanoic add, lauric add, 
myristic add, palmitic add, stearic add, and eicosanoic add; linear, 
unsaturated aliphatic carboxylic adds such as heptenoic add, octenoic add, 
decenoic add, dodecenoic, and oleic add; branched, saturated aliphatic 
carboxylic adds such as 2-methylhexanoic add, 2-ethyIhexanoic add, 
3,5-dimethyIhexanoic add, 3,5,5-trimethyIhexanoic add, and isodecanoic add; 
and ammonium salts, salts of organic amines, alkali metal salts of these 
aliphatic carboxylic adds, and the Mke. Among them, &om the viewpoints of 
the polishing speed and the suppression of the dishing, the linear or branched, 
saturated aliphatic carboxyhc adds and ammonium salts thereof are 
preferable, and from the viewpoint of the solubility in the poHsMng Hquid and 
the low foamability, heptanoic add or ammonium salt thereof, octanoic add or 
ammonium salt thereof, nonanoic add or ammonium salt thereof, and 
decanoic add or ammonium salt thereof are espedally preferable. These 
aliphatic carboxylic adds having 7 to 24 carbon atoms and salts thereof may 
be used alone or in admixture of two or more kinds. 

The amount of the aliphatic carboxyHc add and a salt thereof 
formulated is preferably from 0.01 to 30% by weight, more preferably from 
0.02 to 10% by weight, stiU more preferably from 0.03 to 5% by weight, of 
the poHshing hquid composition 1-2, from the viewpoint of maintaining the 
polishing speed, and suppressing the dishing. 

The etching agent usable in this embodiment is capable of dissolving 
and etching a metal, espedaUy copper, in the copresence of an aqueous 
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mediiim, and is a compound having an etching speed "a" of 3 A/min or more, 
as obtained by the etching test A described in Embodiment 1. From the 
viewpoint of obtaining a practical polishing speed, an etching agent having 
an etching speed "a" obtainable from the above etching test A of 3 A/min or 
more is preferable, more preferably 5 A/min or more, still more preferably 
10 A/min or more. The etching speed "a" in this case may be an etching 
speed of two or more etching agents used in combination. 

Preferable etching agents include the same ones as those in 
Embodiment 1 mentioned above. These etchiag agents may be used alone 
or in admixture of two or more lands. In this embodiment, glycohc acid, 
citric acid, and aminotri(methylenephosphonic acid) are especially 
preferable. Incidentally, the etching speed "a" of the aliphatic carboxylic 
acid having 7 to 24 carbon atoms is 2 A/min or less, and as compared to the 
etching agent, the etching strength is none or almost not found. 

When the etching agent usable in this embodiment is used in the 
preparation of a polishing Hquid composition, with proviso that the 
composition does not comprise the aliphatic carboxylic acid having 7 to 24 
carbon atoms and/or a salt thereof, in which an oxidizing agent, abrasive 
grains, and the Kke are further copresent, it is preferable to adjust the 
kinds, contents, and the hke, so that the polishing Hquid composition has an 
etching speed "c" obtainable from the following etching test C of 20 A/min or 
more. The etching test C is carried out in the same procedures as in the 
etching test A, except that the copper ribbon is immersed in a pohshing 
hquid composition comprising, as an etching solution of the etching test A, 
water, an abrasive and an etching agent, and, if necessary, an oxidizing 
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agent, at room temperature (25°C) for 2 hours. The etching speed obtained 
by the etching test C is referred to as "etching speed *c' " From the 
viewpoint of obtaining a practical polishing speed, the etching speed "c" 
obtainable firom the above etching test C is preferably 20 A/min or more, 
more preferably 30 A/min or more, still more preferably 50 A/min or more. 
The etching speed "c" in this case may be an etching speed of a polishing 
hquid composition in which two or more etching agents are used in 
combination. 

In this embodiment, since the etching agent is used, the etching 
agent forms a complex with or binds to various metals, especially copper, 
constituting the metal layer, so that the removal of the metals is made easy 
as water-soluble salts and/or chelated compoxmds, whereby exhibiting an 
effect that the polishing speed of the metal layer is increased during 
polishing. 

The amount of the etching agent formulated in the polishing liquid 
composition 1-2 can be variously selected in order to secure the polishing 
speed at a practical level to remove the metal layer, and to prevent 
excessive etching of the metal layer. The amount of the etching agent 
formulated is preferably from 0.1 to 10% by weight, more preferably from 
0.2 to 8% by weight, still more preferably from 0.3 to 5% by weight, of the 
poHshing liquid composition 1-2. 

Water usable in this embodiment is used as a medium. The amount 
of water formulated is preferably from 60 to 99.89% by weight, more 
preferably from 70 to 99.4% by weight, still more preferably from 80 to 99% 
by weight, of the polishing Hquid composition 1-2, from the viewpoint of 
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efficiently polishing the suhstrate to be polished. 

The polishing hquid composition 1-2 of this embodiment having the 
composition described above has a pH of preferably 10 or less, more 
preferably firom 2 to 9.5, still more preferably from 4 to 9, especially 
preferably from 7 to 9, from the viewpoints of keeping a polishing speed at a 
practical level, suppressing the dishing, and removing fine scratch damages 
on the surface. In order to adjust the pH within the above ranges, an 
inorganic add such as nitric add or sulfuric add, an organic add, a basic 
substance such as potassium hydroxide, sodium hydroxide, ammonia, or an 
organic amine can be appropriately added, as occasion demands. 

Embodiment 3 

In this embodiment, one of the largest features resides in that the 
above amine compound represented by the general formula (II) and/or a salt 
thereof and the etdnng agent are used in combination. The polishing speed 
at a practical level can be maintained and excessive etching of the metal 
film of the metal layer can be prevented by the use of a polishing liquid 
composition comprising the amine compoimd and/or a salt thereof, and the 
etching agent. Therefore, there is exhibited an excellent effect that the 
polishing siuface without defects such as dishing can be obtained. 

The above amine compound represented by the general form\ila (II) 
and/or a salt thereof usable in this embodiment is preferable, from the 
viewpoints of maintaimng the poHshiag speed and suppressing the dishing. 
Further, from the viewpoints of keeping the low foamabUity and the 
pohshing speed at practical levels and suppressing the dishing, in the 
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formula, W is preferably a Hnear or branched, alkyl or alkenyl group having 
5 to 14 carbon atoms, more preferably a linear or branched, alkyl or alkenyl 
group having 6 to 12 carbon atoms, still more preferably a linear or 
branched, alkyl or alkenyl group having 7 to 10 carbon atoms. Each of 
and W is preferably hydrogen, a linear alkyl group having 1 or 2 carbon 
atoms, a group represented by H-CORe)^-, wherein Re is an alkylene group 
having 2 carbon atoms and Z is a number from 1 to 4, and more preferably 
hydrogen atom, methyl group and hydroxyethyl group. 

In addition, the salt of the amine compound may be either a salt with 
an inorganic acid or a salt with an organic acid, and those which are a salt 
with an inorganic acid or organic acid which is usable as an etching agent 
are preferable. Further, from the viewpoint of preventing staining of the 
semiconductor, salts of organic acids are more preferable among the etching 
agents. 

Concrete examples of these amine compo\mds and salts thereof 
include linear monoalkylamines such as butylamine, pentylamine, 
hexylamine, heptylamine, octylamine, nonylamine, decylamine, laurylamine, 
myristylamine, and stearylamine; Hnear monoalkenylamines such as 
oleylamine; branched monoalkylamines such as 2-ethylhexylamine; 
dialkylamines such as dihexylamine and dioctylamine; trialkylamines such 
as dimethyloctylamine, dimethyldecylamine, and dimethyldo decylamine; 
alkylalkanolamines such as octyldiethanolamine, decyldiethanolamine, and 
dodecyldiethanolamine; and carboxylates, phosphates, hydrochlorides, 
sulfates, nitrates, and the like of these amine compounds. Among them, 
from the viewpoints of maintaining the pohshing speed and suppressing the 
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dishing', monoalkylamines, monoalkyldimetliylamines, and 
monoalkyldietlianolainines, each of which is linear or branched, and 
carboxylates thereof are preferable. Further, from the viewpoint of the low 
foamability, more preferable are heptylamine, octylamine, nonylamine, 

5 dimethyloctylamine, dimethyldecylamine, dimethyldodecylamine 

octyldiethanolamine, decyldiethanolamine, and carboxylates thereof. These 
amine compounds and salts thereof may be used alone or in admixture of 
two or more kinds. 

The amount of the amine compound and a salt thereof formulated is 

10 preferably from 0.01 to 30% by weight, more preferably from 0.02 to 10% by 
weight, stUl more preferably from 0.03 to 5% by weight, of the polishing 
liquid composition 1-3, from the viewpoint of maintaining the polishing 
speed, and suppressing the dishing. 

The etching agent usable in this embodiment is capable of dissolving 

1 5 and etching a metal, espedally copper, in the copresence of an aqueous 

medium, and is a compound having an etching speed "a" of 3 A/min or more, 
as obtained by the etching test A described in Embodiment 1. From the 
viewpoint of obtaining a practical polishing speed, an etching agent having 
an etching speed "a" obtainable from the above etching test A of 3 A/min or 

20 more is preferable, more preferably 5 A/min or more, still more preferably 
10 A/min or more. The etching speed "a" in this case may be an etching 
speed of two or more etching agents used in combination. 

Preferable etching agents include the same ones as those in 
Embodiment 1 mentioned above. These etching agents may be used alone 

25 or in admixture of two or more kinds. In this embodiment, glycoHc acid. 



wo 01/04231 



25 



PCT/JPOO/04571 



citric acid, and aminotriCoiethylenephosphonic add) are especially 
preferable. 

When the etching agent usable in this embodiment is used in the 
preparation of a polishing liquid composition, with proviso that the 
composition does not comprise the above amine compound or a salt thereof, 
in which an oxidizing agent, abrasive grains, and the like are further 
copresent, it is preferable to adjust the kinds, contents, and the like, so that 
the poUshing liquid composition has an etching speed "c" obtainable from 
the etching test C described in Embodiment 2 of 20 A/min or more. From 
the viewpoint of obtaining a practical polishing speed, the etching speed V 
obtainable from the above etching test C is preferably 20 A/min or more, 
more preferably 30 A/min or more, still more preferably 50 A/min or more. 
The etching speed V in this case may be an etching speed of a polishing 
liqvdd composition in which two or more etching agents are used in 
combination. 

In this embodiment, since the etching agent is used, the etching 
agent forms a complex with or binds to various metals, especially copper, 
constituting the metal layer, so that the removal of the metals is made easy 
as water-soluble salts and/or chelated compoimds, whereby exhibiting an 
effect that the polishing speed of the metal layer is increased during 
poHshing. 

The amount of the etching agent formulated in the polishing Kquid 
composition 1-3 can be variously selected in order to secure the polishing 
speed at a practical level to remove the metal layer, and to prevent 
excessive etching of the metal layer. The amount of the etching agent 
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formulated is preferably from 0.1 to 10% by weight, more preferably from 
0,2 to 8% by weight, still more preferably from 0.3 to 5% by weight, of the 
poli^iing hquid composition 1-3. 

Water usable in this embodiment is used as a medium. The amount 
thereof is preferably from 60 to 99.89% by weight, more preferably from 70 
to 99.4% by weight, still more preferably from 80 to 99% by weight, of the 
polishing hquid composition 1-3, from the viewpoint of efficiently polishing 
the substrate to be polished. 

The polishing Uquid composition 1-3 of this embodiment having the 
composition described above has apH of preferably 10 or less, more 
preferably from 2 to 9.5, stai more preferably from 4 to 9, especially 
preferably from 5 to 9, from the viewpoints of keeping a polishing speed at a 
practical level, suppressing the dishing, and removing fine scratch damages 
on the surface. In order to adjust the pH within the above ranges, an 
inorganic add such as nitric acid or sulfuric add, an organic add, a basic 
substance such as potassium hydroxide, sodium hydroxide, ammonia, or an 
organic amine can be appropriately added, as occasion demands. 

The polishing liquid composition 2 comprises one of the polishing 
liquid compositions 1-1 to 1-3 (hereinafter collectively referred to as "the 
polishing liquid composition 1"), and further comprising an oxidizing agent. 
The oxidizing agent usable in the present invention refers to those oxidizing 
a metal. In the present invention, it is thought that the metal layer is 
oxidized by the use of the oxidizing agent, whereby an effect of accelerating 
the mechanical poUshing effect of the metal layer is exhibited. 

The oxidizing agent indudes, peroxides; permanganic add or salts 
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thereof, chromic add or salts thereof nitric acid or salts thereof peroxo acid 
or salts thereof oxyacid or salts thereof metal salts; sulfuric acid, and the 
like. 

As concrete examples thereof, the peroxide includes hydrogen 
peroxide, sodium peroxide, barium peroxide, and the like; the permanganic 
add or salts thereof indude potassium permanganate, and the like; chromic 
add or salts thereof indude metal salts of diromic add, metal salts of 
dichromic add, and the like; the nitrates indude iron (HI) nitrate, 
ammonium nitrate, and the Hke; the peroxo add or salts thereof indude 
peroxodisuHuric add, ammonium peroxodisulfate, metal salts of 
peroxodisulfuric add, peroxophosphoric add, peroxosulfuric add, sodium 
peroxoborate, performic add, peracetic add, perbenzoic add, perphthalic 
add, and the hke; the oxyadd or salts thereof indude hypochlorous add, 
hypobromous add, hypoiodous add, chloric acid, bromic add, iodic add, 
perchloric add, sodixim hypochlorite, caldum hypodilorite, and the like; 
metal salts indude iron (HO daloride, iron (SlO sulfate, iron (EQ) dtrate, 
ammonium iron (EGO sulfate, and the like. Among the oxidizing agents, 
hydrogen peroxide, iron Cm) nitrate, peracetic add, ammonium 
peroxodisulfate, iron (HI) sulfate and ammonium iron (HI) sulfate are 
preferable, and espedally hydrogen peroxide is preferable. These oxidizing 
agents may be used alone or in admixture of two or more kinds. 

The oxidizing agent is used in a state in which water is used as a 
medium ra the polishing liquid composition 2. The amount of the oxidizing 
agent formulated is preferably from 0.1 to 60% by weight, more preferably 
from 0.2 to 50% by wdght, still more preferably from 0.3 to 30% by weight, 
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especially preferably from 0.3 to 10% by weight, of tbe poKshing Hquid 
composition 2, from the viewpoint of obtaining the polishing speed at a 
practical level by rapid oxidation of the metal layer. 

In addition, when the polishing liquid composition 2 is prepared from 
the polishing Hquid composition 1-1, the amount of the hydroxyl group- 
containing compound formulated is preferably from 0.01 to 30% by weight, 
more preferably from 0.05 to 5% by weight, still more preferably from 0.1 to 
3% by weight, of the polishing liquid composition 2. The amount of water 
formulated is preferably from 40 to 99.89% by weight, more preferably from 
70 to 99.4% by weight, stiU more preferably from 80 to 99% by weight, of the 
poHshing Hquid composition 2. The pH of the poHshing Hquid composition 2 
having the above composition, which is the same as the poHshing Hquid 
composition 1-1, is preferably from 2 to 11, more preferably from 2 to 7, still 
more preferably 2 to 6, especially preferably from 3 to 5, from the 
viewpoints of keeping the polishing speed at a practical level, suppressing 
the dishing, and removing the fine scratch damages on the surface. In order 
to adjust the pH to the above-specified range, there may be added at an 
appropriate timing an inorganic add such as nitric add or sulfuric add, an 
organic add, or a basic substance such as potassium hydroxide, sodixun 
hydroxide, ammonia, or an organic amine. 

In addition, when the poHshing Hquid composition 2 is prepared from 
the poHshing Hquid composition 1-2, the amount of the aHphatic carboxyHc 
add having 7 to 24 carbon atoms and/or salts thereof formiilated is 
preferably from 0.01 to 30% by weight, more preferably from 0.02 to 10% by 
weight, still more preferably from 0.03 to 5% by weight, of the poHshing 
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liquid composition 2. Tke amovint of the etchiag agent formulated is 
preferably j&*om 0.1 to 10% by weight, more preferably from 0.2 to 8% by 
weight, still more preferably from 0.3 to 5% by weight, of the polishing 
liquid composition 2. The amount of water formulated is preferably firom 
39.89 to 99.79% by weight, more preferably from 70 to 99.4% by weight, still 
more preferably from 80 to 99% by weight, of the polishing liquid 
composition 2. The pH of the polishing liquid composition 2 having the 
above composition, which is the same as the polishing liquid composition 
1-2, is preferably 10 or less, more preferably from 2 to 9.5, stiU more 
preferably 4 to 9, especially preferably from 7 to 9, from the viewpoints of 
keeping the pohshing speed at a practical level, suppressing the dishing, 
and removing the fine scratch damages on the surface. 

In addition, when the polishing Hquid composition 2 is prepared from 
the polishing Hquid composition 1-3, the amount of the amine compoimd 
and/or salts thereof formulated is preferably from 0.01 to 30% by weight, 
more preferably from 0.02 to 10% by weight, still more preferably from 0.03 
to 5% by weight, of the polishing liquid composition 2. The amount of the 
etching agent formulated is preferably from 0.1 to 10% by weight, more 
preferably from 0.2 to 8% by weight, still more preferably from 0.3 to 5% by 
weight, of the pohshing Hquid composition 2. The amount of water 
formvilated is preferably from 39.89 to 99.79% by weight, more preferably 
from 70 to 99.4% by weight, still more preferably from 80 to 99% by weight, 
of the pohshing Hqviid composition 2. The pH of the pohshing Hquid 
composition 2 having the above composition, which is the same as the 
poHshing Hquid composition 1-3, is preferably 10 or less, more preferably 
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from 2 to 9.5, still more preferably 4 to 9, especially preferably from 5 to 9, 
from the viewpoints of keeping the polishing speed at a practical level, 
suppressing the dishing, and removing the fine scratch damages on the 
surface. 

The polishing liqxiid compositions 1 and 2 of the present invention are 
efifective for polishing processes using a fixed grinding wheel, a polishing 
pad in which abrasive grains are fixed to the pad, and the like. For instance, 
by the use of the polishing liquid compositions 1 and 2 of the present 
invention during polishing in the polishing process using the fixed grinding 
wheel, the polishing speed can be maintained, and the dishing of the metal 
layer can be suppressed. 

The polishing liquid composition 3 of the present invention is one 
further comprising an abrasive to a polishing hquid composition 1 or 2, 
which is usable for a polishing process by loose abrasives. 

As the abrasive, abrasives generally employed for poHshing can be 
used. The abrasive includes, for instance, metals, carbides of metals or 
metalloids, nitrides of metals or metalloids, oxides of metals or metalloids, 
borides of metals or metalloids, diamond, and tbe like. The metals or 
metalloids include those elements belonging to the Groups 3A, 4A, 5A, 3B, 
4B, 5B, 6B, 7B or 8B of the Periodic Table. Examples thereof include silicon 
dioxide, aluminxim oxide, ceriimi oxide, titanium oxide, zirconium oxide, 
silicon nitride, manganese dioxide, silicon carbide, zinc oxide, diamond, and 
magnesium oxide. Among them, sOicon dioxide, aimninum oxide and 
cerium oxide are preferable. As concrete examples thereof, the silicon 
dioxide includes colloidal sihca particles, fumed silica p articles, surface- 
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modified silica particles, and the like; the aluminum oxide includes 
a— alumina particles, y-alumina particles, 5-alumina partides, 6-alumina 
particles, ii-alumina particles, amorphous alumina particles, and other 
filmed alumina or coUoidal alumina prepared by different process; the 
cerium oxide includes ones having oxidation state of 3 or 4, of which crystal 
system is hexagonal system, isometric system, or face-centered cubic 
system, and the Hke. The silicon dioxide is espedaUy preferable. These 
abrasives may be used alone or in admixture of two or more kinds. 

The abrasive has a primary average partide size of preferably from 5 
to 1000 nm, more preferably from 10 to 500 nm, still more preferably from 
20 to 300 nm, espedally preferably from 50 to 200 nm, most preferably from 
50 to 100 nm. The lower limit of the average partide size is preferably 5 nm 
or more, from the viewpoint of maintaining a given poHshing speed, and the 
upper limit thereof is preferably 1000 nm or less, form the viewpoint of 
preventing tiie generation of scratches on the surface of the substrate to be 
polished. 

Espedally when the silicon dioxide is used as an abrasive, the silicon 
dioxide has a primary average partide aze of 5 nm or more, preferably 
10 nm or more, more preferably 20 nm or more, from the viewpoint of 
improving the polishing speed. 

Incidentally, the primary average partide size of the abrasive is 
determined by adding 0.1 g of the abrasive to 100 g of a 0.1% aqueous 
solution of sodium polystyrenesulfonate, thereafter applying ultrasonic 
waves, to disperse the abrasive, and measuring image analysis of the 
dispersion by observing with a transmission electron microscope. 
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When the poHshing Mquid composition 3 is used when forming 
interconnection of a semiconductor device, especially preferably usable 
abrasives are silica particles having purity of preferably 98% by weight or 
more, more preferably 99% by weight or more, especially preferably 99.9% 
by weight or more. The abrasive indudes &med sihca prepared by 
subjecting a volatile silicon compoimd such as silicon tetrachloride to high- 
temperature hydrolysis in oxyhydrogen Ramel or colloidal sihca obtained by 
a process in which an alkah sihcate or etiiyl silicate is used as a starting 
material. 

Incidentally, the purity of the above abrasive is obtained as follows. 
Spedfically, the purity can be determined by dissolving 1 to 3 g of an 
abrasive in an acid or an aqueous alkah, and quantifying sihcon ions by ICP 
(plasma emission analysis). 

The abrasive is used in a so-called "slurry state" using water as a 
medium in the polishing Uquid composition 3. The amount of the abrasive 
formulated in the poUshing Mquid composition 3 can be variously selected 
depending upon the viscosity of the pohshing hquid composition and the 
required quality of tiie substrate to be polished, and the like. The amount of 
the abrasive formulated is preferably from 0.01 to 30% by weight, more 
preferably from 0.02 to 20% by weight, still more preferably from 0.1 to 20% 
by weight, especially preferably from 1.0 to 10% by weight, of the pohshing 
Hquid composition 3. 

In addition, when the pohshing Hquid composition 3 is prepared from 
the poHshing Hquid composition 1-1 (hereinafter referred to as "poHsMng 
Hquid composition 3-1"), the amount of the hydroxyl-group containing 
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compound formulated is preferably from 0.01 to 30% by weight, more 
preferably from 0.05 to 5% by weight, still more preferably from 0.1 to 3% 
by weight, of the pohshing liquid composition 3-1, from the viewpoints of 
maintaining the polishing speed and suppressing the dishing. 

The amount of the organic add formulated in the polishing liquid 
composition 3-1 can be variously selected in order to secure a polishing 
speed at a practical level for removal of the metal layer, and to prevent 
excessive etehing of the metal layer. The amount is, for instance, preferably 
from 0.1 to 10% by weight, more preferably from 0.2 to 8% by weight, stiU 
more preferably from 0.3 to 5% by weight, of the polishing liquid 
composition 3—1. 

The amount of the oxidizing agent formidated is preferably from 0.1 
to 60% by weight, more preferably from 0.2 to 50% by weight, stiH more 
preferably from 0.3 to 30% by weight, of the polishing Hquid composition 
3-1, from the viewpoint of obtaining a polishing speed at a practical level by 
rapid oxidation of the metal layer. 

The amount of water formulated is preferably from 40 to 99.98% by 
weight, more preferably from 60 to 99.4% by weight, stiH more preferably 
from 75 to 99% by weight, of the polishing liquid composition 3-1. The pH 
of the polishing liquid composition 3—1 having the above composition, which 
is the same as the poHshing hquid composition 1—1, is preferably from 2 to 
11, more preferably from 2 to 7, still more preferably 2 to 6, especially 
preferably from 3 to 5, from the viewporats of keeping the polishing speed at 
a practical level, suppressing the dishing, and removing the fine scratch 
damages on the surface. 
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In addition, wlien the polishing liquid composition 3 is prepared from 
the polishing liquid composition 1-2 (hereinafter referred to as "polishing 
liquid composition 3-2"), the amount of the aliphatic carboxyhc acid having 
7 to 24 carbon atoms and/or salts thereof formulated is preferably from 0.01 
to 30% by weight, more preferably from 0.02 to 10% by weight, still more 
preferably from 0.03 to 5% by weight, of the polishing liquid composition 
3-2, from the viewpoints of maintaining the poHshing speed and 
suppressing the dishing. 

Hie amount of the etching agent formulated in the polishing liquid 
composition 3-2 can be variously selected in order to secure a polishing 
speed at a practical level for removal of the metal layer, and to prevent 
excessive etching of the metal layer. The amount formulated is, for instance, 
preferably from 0.1 to 10% by weight, more preferably from 0.2 to 8% by 
weight, still more preferably from 0.3 to 5% by weight, of the polishing 
liquid composition 3-2. 

The amount of the oxidizing agent formidated is preferably from 0.1 
to 60% by weight, more preferably from 0.2 to 50% by weight, still more 
preferably from 0.3 to 30% by weight, especially preferably from 0.3 to 10% 
by weight, of the polishing liquid composition 3-2, from the viewpoint of 
obtaining a polishing speed at a practical level by rapid oxidation of the 
metal layer. 

The amount of water formulated is preferably from 39.88 to 99.88% 
by weight, more preferably from 60 to 99.4% by weight, still more preferably 
from 75 to 99% by weight, of the polishing liquid composition 3-2. The pH 
of the polishing liquid composition 3-2 having the above composition, which 
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is the same as the polishing liqmd composition 1-2, is preferably 10 or less, 
more preferably from 2 to 9.5, still more preferably from 4 to 9, especially 
preferably from 7 to 9, from the viewpoints of keeping the polishing speed at 
a practical level, suppressing the dishing, and removing the fine scratch 
damages on the surface. In order to adjust the pH within the above ranges, 
an inorganic add such as nitric acid or sulfuric add, an organic add, a basic 
substance such as potassium hydroxide, sodium hydroxide, ammonia, or an 
organic amine can be appropriately added, as occasion demands. 

In addition, when the polishing Uquid composition 3 is prepared from 
the polishing liquid composition 1-3 (hereinafter referred to as "polishing 
liquid composition 3-3"), the amount of the amine compound and/or salts 
thereof formulated is preferably from 0.01 to 30% by weight, more 
preferably from 0.02 to 10% by weight, stiU more preferably from 0.03 to 5% 
by weight, of the polishing liquid composition 3—3, from the viewpoints of 
maintaining the polishing speed and suppressing the dishing. 

The amount of the etching agent formulated in the polishing liquid 
composition 3-3 can be variously selected in order to secure a polishing 
speed at a practical level for removal of the metal layer, and to prevent 
excessive etching of the metal layer. The amoimt formulated is, for instance, 
preferably from 0.1 to 10% by wdght, more preferably from 0.2 to 8% by 
weight, still more preferably from 0.3 to 5% by weight, of the polishing 
hquid composition 3-3. 

The amount of the oxidizing agent formulated is preferably from 0.1 
to 60% by weight, more preferably from 0.2 to 50% by weight, stiU more 
preferably from 0.3 to 30% by weight, espedaUy preferably from 0.3 to 10% 
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by weight, of the polishing liquid compositioii 3-3, fifom the viewpoint of 
obtaining a polishing speed at a practical level by rapid oxidation of the 
metal layer. 

The amount of water formulated is preferably from 39.88 to 99.88% 
by weight, more preferably from 60 to 99.4% by weight, still more preferably 
from 75 to 99% by weight, of the polishing liquid composition 3-3. The pH 
of the polishing liquid composition 3-3 having the above composition, which 
is the same as the polishing liquid composition 1-3, is preferably 10 or less, 
more preferably from 2 to 9.5, still more preferably from 4 to 9, especially 
preferably from 5 to 9, from the viewpoints of keeping the pohshing speed at 
a practical level, suppressing the dishing, and removing the fine scratch 
damages on the surface. 

The polishing liquid compositions 1 to 3 of the present invention can 
be prepared in any manner without particular limitations, and for instance, 
a polishing liquid composition can be obtained by appropriately mixing each 
of tiie above components, and adjusting a pH. Concrete examples thereof 
are as follows. 

The polishing liquid composition 1 of the present invention can be, for 
instance, prepared by the following procedures. First, an organic acid 
and/or an etching agent is added to a given amount of water, and a pH is 
adjusted to a given value. To the pH-adjusted aqueous solution of the 
organic acid and/or etching agent is added a given amount of an aqueous 
solution of a hydroxyl group-containing compound; or an aqueous solution 
of an aliphatic carboxyHc acid having 7 to 24 carbon atoms and/or salts 
thereof, or an amine compound and/or salts thereof, the aqueous solution of 
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which. pH is adjusted to a given level. ApH is finally adjusted, whereby a 
poHshiug liquid composition 1 can be obtained. 

The polishing liquid composition 2 can be, for instance, prepared by 
the following procedures. First, an organic add and/or an etching agent is 
added to a given amount of water, and a pH is adjusted to a given value. To 
the pH-adjusted aqueous solution of the organic add and/or etdiing agent 
is added a given amount of an aqueous solution of a hydroxy! group- 
containing compound; or an aqueous solution of an aliphatic carboxylic add 
having 7 to 24 carbon atoms and/or salts thereof, or an amine compound 
and/or salts thereof, the aqueous solution of which pH is adjusted to a given 
level. An oxidizing agent is added before polishing, and a pH is finally 
adjusted, whereby a polishing liquid composition 2 can be obtained. 

The polishing liquid composition 3 can be, for instance, prepared by 
the following procedures. First, an organic add and/or an etching agent is 
added to a given amount of water, and a pH is adjusted to a given value. To 
the pH-adjusted aqueous solution of the organic add and/or etdiing agent 
is added a given amount of an abrasive, and the mixture is su£G.dentIy 
stirred so as to uniformly disperse the abrasives. Further, to the dispersion 
is added a given amoxmt of an aqueous solution of a hydroxyl group- 
containing compound; or an aqueous solution of an aliphatic carboxylic add 
having 7 to 24 carbon atoms and/or salts thereof, or an amine compound 
and/or salts thereof, the aqueous solution of which pH is adjusted to a given 
level. A given amount of an oxidizing agent is added before polishing as 
occasion demands, and a pH is finally adjusted, whereby a po l ishing iiqtdd 
composition 3 can be obtained. 
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In addition, various polishing aids other than those listed above such 
as surfactants and dispersion stabilizers may be added to each of the 
poHshing liqviid compositions 1 to 3. 

The poHshing hquid composition of the present invention can. be 
suitably used for the metal CMP in which a surface comprising an 
insulating layer and a metal layer is subject to polishing. The metal 
constituting the metal layer includes copper or copper alloys, aluminum or 
aluminum alloys, tungsten, and the like. Among these metals, especially 
when used for a process for forming embedded metal interconnection on a 
semiconductor substrate, copper or copper alloys are preferable. When the 
polishing liquid composition of the present invention is used in the 
formation of the metal interconnection layer made of copper or copper alloys, 
there are exhibited remarkable effects of maintaining the polishing speed 
and suppressing the dishing of the embedded metal interconnection layer. 
In addition, the material for forming the insulating layer may be any of 
organic or inorganic materials, and includes inorganic materials such as 
silicon dioxide, fluorinated silicon dioxide, hydrogen-containing SOG (spin- 
on glass), nitrides, such as tantalum nitride and titanium nitride; and 
organic materials such as organic SOG, polyimides, fluorinated polyimides, 
methyl polysiloxanes, aromatic polyethers, hydrogensilsesquioxane, and 
fluorocarbons. 

The shape of these substrates to be poEshed is preferably those 
having a shape of forming recesses of an interconnection shape on the 
insulating film surface of the semiconductor substrate, and sedimenting 
metals on the insulating film including the recesses. In addition, there may 
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be provided a barrier film made of tantalum, titanium, or a nitride thereof 
between tbe insulating film and the metal layer. Especially when the metal 
layer is made of copper or copper alloys, it is preferable to provide the 
barrier film, whereby the diffusion of the copper to the insulating layer can 
be prevented. 

The polishing liquid compositions 1 and 2 of the present invention are 
effective for a polishing processes using a fixed grinding wheel, a polishing 
pad in which abrasive grains are fixed to the pad, and the like. The 
polishing liquid composition 3 is effective for a polishing process by loose 
abrasives using a usual polishing pad made of urethane, and it is also 
effective for a polishing processes using a fixed grinding wheel, a polishing 
pad in which abrasive grains are fixed to the pad, and the Kke. 

The process for polishing a surface to be polished comprising an 
insulating layer and a metal layer of the present invention comprises 
polishing a semiconductor substrate using the poHshing liquid composition 
of the present invention, thereby smoothening the polished surface. 

In addition, the process for manufacturing a semiconductor substrate 
of the present invention comprises poHslung a semiconductor surface 
comprising an insulating layer and a metal layer using the polishing liquid 
composition of the present invention, whereby the polishing speed of the 
metal layer can be maintained and the dishing of the embedded metal 
interconnection layer can be suppressed. Therefore, the process can be 
suitably apphed to a process for manufacturing the semiconductor substrate. 

Examples I-l to 1-14 and Comparative Examples I-l to 1-4 
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Compounds having a structure in which each o£ two or more adjacent 
carbon atoms has hydroxyl group in a molecule (hydroxyl group-containing 
compound) used in Examples I-l to 1-14 are shown in Table 1. The 
hydroxyl group-containing compound shown in Table 1, the organic add 
shown in Table 2, and hydrogen peroxide were mixed so as to have the 
proportion shown in Table 2. Further, 5% by weight portion of an abrasive 
shown in Table 2 and balance water were mixed with stirring, and 
thereafter a pH of the liquid mixture was adjusted to 4.0, to give a polishing 
liquid composition. Incidentally, each of the used abrasive^ was fumed 
silica (primary particle size: 50 nm) and colloidal sOica (primary particle 
size: 30 mn). In addition, each of the hydroxyl group-containing compounds 
"a" to "e" of Table 1 dissolves in water at 1.0% by weight or more. The 
substrate to be polished was pohshed under the following conditions by 
single— sided polishing machine. Hereinbelow, the terms inside quotation 
marks are trade names. 

Setting Conditions of Sinele-Sided Processi ng Machine 

Single-sided processing machine used: single-sided polishing machine (disc 

size: 30 cm), manufactured by Engis. 

Processing pressure: 29.4 x 10^ Pa 

Polishing Pad: upper layer: *IC 1000" (manufactured by RodelNittaKK); 
and lower layer: "SUBA400" (manufactured by Eodel Nitta KK.). 
Disc rotational speed: 60 rpm 

Work rotational speed: 50 rpm (rotating disc and work in the same 
direction) 
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Feeding flow rate for a polishing liquid composition: 100 ml/min 
Polishing time period^ 10 minutes 

In addition, the properties of tiie polishing liquid composition such as 
relative polishing speed, relative etching speed, and dishing of the surface to 
be polished were evaluated in accordance with the following methods. The 
results thereof are shown in Table 2. 

Relative Po lifiliiTi^ Rpfted 

The relative polishing speed is a value obtained by dividing the 
polishing speed of a poHshing liqviid composition by a polishing speed of a 
comparative example where tiie kinds and the amounts of an abrasive, an 
oxidizing agent and an etching agent were the same as the polishing liquid 
composition. The polishing speed was obtained by polishing a rolled copper 
plate of a diameter of 50 mm and a plate thickness of 1 mm, dete rminin g a 
change in the thickness before and after polishing, and dividing the 
resultant value by a polishing time. Incidentally, the thickness of the 
copper plate was measiired by using a high-iprecision digital analyzer 
"MINIAX" commercially available from K JL Tokyo Seimitsu, Here, each of 
the relative polishing i^eeds for Examples I-l to 1-5 and 1-9 to I-IO was 
calculated based on Comparative Example I-i; each of the relative 
polishing speeds for Examples 1-6 to 1-8 was calculated based on 
Comparative Example 1-2; and each of the relative poHshing speeds for 
Examples 1-13 to 1-14 was calculated based on Comparative Example 1-3. 
Incidentally, apart from the above, the relative poHshiag speed for 
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Examples I-ll was calculated based on Comparative Example I-i; the 
relative polishing speed for Examples 1-12 was calculated based on 
Comparative Example 1-2; and the relative polishing speed for Comparative 
Example 1-4 was calculated based on Comparative Example I-l. 

Relative E trbinfy Speert 

The relative etching speed is a value obtained by dividing an etching 
speed of the pohshing Hquid composition comprising the above hydroxyl 
group-containing compound by an etching speed "b" of a polishing liquid 
composition not containing the above hydroxyl group-containing compound 
but having the same kinds and the amounts of an abrasive, an oxidizing 
agent and an etching agent as the polishing liqxiid composition. Here, each 
of the relative etching speeds for Examples I-l to 1-5 and 1-9 to I-IO was 
calculated based on Comparative Example I-i; each of the relative etching 
speeds for Examples 1-6 to 1-8 was calculated based on Comparative 
Example 1-2; and each of the relative etching speeds for Examples 1-13 to 
1-14 was calculated based on Comparative Example 1-3. Incidentally, 
apart from the above, the relative etching speed for Examples I-ll was 
calciilated based on Comparative Example I-i; the relative etching speed 
for Examples 1-12 was calculated based on Comparative Example 1-2; and 
the relative etching speed for Comparative Example 1—4 was calculated 
based on Comparative Example I-l. Incidentally, each the etching speeds 
for each the polishing hquid compositions of Examples I— 1 to 1-14 and 
Comparative Example 1-4 was a value measured under the same conditions 
as the above etching test B described above, except for using these polishing 
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liquid compositions. 



In order to evaluate dLshing, a wafer cMp of a square with a side of 
20 mm was cut out from a wafer (commercially available from SKW, 
"SKW6-2", size* 200 mm) with copper damascene interconnection patterns. 
Five wafer chips were fixed on an adhesive plate made of ceramic. 
Thereafter, a copper fflm in the periphery of the copper interconnection 
portion, the interconnection of which had a width of 150 pm, was removed, 
with confiiming the state under the ahove conditions. The substrate was 
polished to a point where a barrier jBlm appeared, and was further polished 
with 20% of a time period required for polishing until this point, to provide 
a sample for evaluating dishing. The dishing was evaluated by determining 
a cross section profile of a copper interconnection portion, the 
interconnection of which had a width of 150 nm by a surface roughness 
tester (commercially available from (K.K) Mitsutoyo, "SV-600"). 
Incidentally, when there were no recesses having sizes of 0.15 pm or more 
in the cross section profile of the copper interconnection tested, it was 
evaluated as absence of dishing, and when there were recesses having sizes 
of 0.15 iim or more, it was evaluated as presence of dishing, which are 
respectively denoted in Table 2 as "absence" or "presence." 

Here, the etching speed "b" of the polishing Hquid compositions used 
for Comparative Examples I-l to 1-3 were as follows. 
Comparative Example I-l- 80 A/min 
Comp arative Example 1-2 : 80 A/min 
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Comparative Example 1-3: 200 A/min 



Table 1 

No. Hydroxyl Group— Containing Compound 

~a n-C4H9CH(OH)CH20H 

b n-C4H90CH2CH(OH)CH20H 

c n-C6Hi3COOCH2CH(OH)CH20H 

d (n-C3H7)2NCH2CH(OH)CH20H 

e n-C3H70COCH(OH)CH(OH)COO-n-C3H7 
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Table 2 



Ex. 


Hydroxyl Group- 


Organic Acid 


Hydrogen 


Abrasive 


No. 


Containing Compound 






Peroxide 






Kind 


Content 
(%by 
wt.) 


Kind 


Content 
(% by 
wt.) 


Content 
(% by wt.) 


Kind 


I-l 


a 


1.0 


Gluconic 
acid 


2.0 


2.0 


Fumed 
Silica 


1-2 


b 


1.0 


Gluconic 
acid 


2.0 


2.0 


Filmed 
Silica 


1-3 


c 


1.0 


Gluconic 
acid 


2.0 


2.0 


Fumed 
Silica 


1-4 


d 


1.0 


Gluconic 
acid 


2.0 


2.0 


Fumed 
Silica 


1-5 


e 


1.0 


Gluconic 
acid 


2.0 


2.0 


Fumed 
Silica 


1-6 




1.0 


Gluconic 
acid 


2.0 


2.0 


Colloidal 
Silica 


1-7 




1.0 


Gluconic 
acid 


2.0 


2.0 


Colloidal 
Silica 


1-8 


Q 


1.0 


Gluconic 
add 


2.0 


2.0 


Colloidal 
Silica 


1-9 


gi_ 


0.5 


Gluconic 
acid 


2.0 


2.0 


Fumed 
Silica 


I-IO 


a 


2.0 


Gluconic 
acid 


2.0 


2.0 


Fumed 
Silica 


I-ll 


b 


1.0 






2.0 


Fumed 
Silica 


1-12 


b 


1.0 


Gluconic 
acid 


2.0 




Colloidal 
Silica 


1-13 


a 


1.0 


Glycolic 

acid 


2.0 


2.0 


Colloidal 
Silica 


1-14 


b 


1.0 


Glycolic 
acid 


2.0 


2.0 


Colloidal 
Silica 
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I-l 






Gluconic 
acid 


2.0 


2.0 


Fumed 
Silica 


1-2 






Gluconic 
acid 


2.0 


2.0 


Colloidal 
Silica 


1-3 






Glycolic 
acid 


2.0 


2.0 


Colloidal 
Silica 


1-4 


Benzo— 
triazole 


1.0 


Gluconic 
acid 


2.0 


2.0 


Fumed 
Silica 



- Continued - 
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— Continued — 
Ex. Evaluation of Properties 



No. Relative PoUshing Relative EtcMng Speed Dishing 





Based on 


Based on 


Ba^d on 


Based on 


Based on 


Based on 






P Fv T_1 


C.Ex.I-2 


C.Ex.I-3 


C.Ex.I-1 


C.Ex.I-2 


C.Ex,I-3 




1—1 


l.U 






u-1 or 






ADsence 










less 








1-2 


1.0 


_ 


_ 


0.1 or 

less 


_ 


— 


Absence 


1-3 


1.0 






0.15 






Absence 


1-4 


1.1 


_ 


_ 


0.15 





_ 


Absence 


1— O 


1.1 






0.2 






Absence 


1—6 




l.U 






u.x or 
















less 






1-7 




l.U 






n t nr 

u.i or 




zVDsence 












less 






1-8 




1.1 






u.io 






1-9 


1.1 






u.i or 
















less 








I-IO 


1.0 


- 


- 


0.1 or 


— 


- 


Absence 










less 








I-ll 


0.7 


— 




0.1 or 


— 




Absence 










less 








1-12 




0.7 






0.1 or 




Absence 












less 






1-13 




_ 


0.9 


_ 


_ 


0.1 


Absence 












or less 




1-14 






0.9 






0.1 


Absence 














or less 




Comp. Ex. No. 














I-l 


1.0 






1.0 






Presence 


1-2 




1.0 






1.0 




Presence 


1-3 






1.0 






1.0 


Presence 


1-4 


0.1 






0.1 or 






* 










less 









Note *: The polishing speed was too slow to be evaluated. 
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It is found from the res\ilts of Tables 1 and 2 that all of the polishing 
liqmd compositions of Examples I-l to 1-14 where the hydroxyl group- 
containing compound is formulated in the polishing liquid composition 
suppressed the etching speed and the dishing is not generated without 
substantially lowering tiie polishing speed, as compared to the polishing 
Equid compositions of Comparative Examples I— 1 to 1—3 where the hydroxyl 
group-containing compound is not formulated. 

In addition, it is found tiiat the poUshing liquid composition of 
Comparative Example 1-4 where benzotriazole acting to suppressing 
etching was used in place of the hydroxyl group-contaimng compound, the 
polishing speed is extremely low. 

Also, it is found that by using the hydroxyl group-containing 
compoimd, the etching agent, and the oxidizing agent, a higher poHshing 
speed can be realized, and the dishing can be prevented. 

Examples II-l to 11-12 and Comparative F vflTTiplfts n-1 to TT-1 2 

Each of the etching agents shown in Tables 3 and 4, and hydrogen 
peroxide were mixed with a given amount of water, so as to have the 
proportion shown in Tables 3 and 4. Further, 5% by weight portion of the 
abrasive shown in Tables 3 and 4 were mixed with stirring, and thereafter 
an aqueous ammonia was added so as to have a pH of the liquid mixture of 
7.5 to 8. Separately from above, an aqueous ammonia was previously added 
to an aliphatic carboxylic acid having 7 to 24 carbon atoms to adjust the pH 
to 7.5 to 8, whereby preparing an aqueous solution of the aliphatic 
carboxylic add or its salt. The aqueous solution of the aliphatic carboxylic 
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add or its salt was mixed -with the above liqmd mixture with stirring,, so as 
to have the proportion shown in Tables 3 and 4. Thereafter, a pH of the 
liquid mixture was adjusted to a value shown in Tables 3 and 4, to give each 
polishing liquid composition. InddentaUy, each of the used abrasives was 
fumed silica (primary partide size: 50 nm) and colloidal silica (primary 
partide size: 100 nm). In addition, a roUed copper plate of a diameter of 
50 mm and a plate thickness of 1 mm was polished under the same 
conditions as above by single-sided poHshing machine. 

In addition, the properties of the poHshing liquid composition such as 
relative polishing speed, relative etching speed, dishing of the surface to be 
polished, and surface condition of copper were evaluated in accordance with 
the following methods. The results thereof are shown in Tables 3 and 4, 

Relative Polishinsr Speed 

The relative polishing speed is a value obtained by dividing the 
polishing speed of a polishing Kquid composition by a polishing speed of a 
comparative example where the kinds and the amoimts of an abrasive, an 
oxidizing agent and an etching agent were the same as the polishing liquid 
composition. The polishing speed was obtained by polishing a rolled copper 
plate of a diameter of 50 mm and a plate thickness of 1 mm under the 
polishing conditions mentioned above, determining a change in the 
thickness before and after pohshing, and dividing the resultant value by a 
polishing time. Incidentally, the thickness of the copper plate was 
measured by using a high-predsion digital analyzer "MINIA5C' 
commerdaUy available from K. K. Tokyo Seimitsu. Here, each of the 
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relative poHshing speeds for Examples II-l to II-6 was calcvilated based on 
Comparative Example lE-i; the relative polishing speed for Example 11-7 
was calculated based on Comparative Example 11—2; the relative polishing 
speed for Example 11—8 was calculated based on Comparative Example 
II-3; the relative polishing speed for Example 11-9 was calculated based on 
Comparative Example II-4; the relative polishing speed for Example U-IO 
was calculated based on Comparative Example 11—5; the relative polishing 
speed for Example II-ll was calculated based on Comparative Example 
II-li; the relative polishing speed for Example 11-12 was calculated based 
on Comparative Example 11—12; the relative polishing speed for 
Comparative Example 11—9 was calculated based on Comparative Example 
E-i; and the relative polishing speed for Comparative Example 11-10 was 
calculated based on Comparative Example II-2. Incidentally, apart j&rom 
the above, each of the relative polishing speeds for Comparative Examples 
n-6 to 11-8 was calculated based on Comparative Example Il-l. 

Relative E t-rhiTi^ Spped 

The relative etching speed is a value obtained by dividing an etching 
speed of the polishing liquid composition comprising the above ahphatic 
carboxylic acid and/or its salt by an etching speed "c" of a polishing Uquid 
composition not containing the above aliphatic carboxyHc acid and/or its salt 
but having the same Mnds and the amounts of an abrasive, an oxidizing 
agent and an etching agent as the polishing Uquid composition. Here, each 
of the relative etching speeds for Examples II— 1 to II-6 was calcxdated 
based on Comparative Example II-i; the rdative etching speed for Example 
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II-7 was calcvdated based on Comparative Example 11-2; the relative 
etching speed for Example 11-8 was calculated based on Comparative 
Example II-3; the rdative etching speed for Example 11-9 was calculated 
based on Comparative Example 11-4; the relative etching speed for Example 
n-10 was calculated based on Comparative Example II-5; the relative 
etching speed for Example 11-11 was calculated based on Comparative 
Example II-ll; the relative etching speed for Example 11-12 was calcvdated 
based on Comparative Example 11-12; the relative etching speed for 
Comparative Example 11-9 was calculated based on Comparative Example 
11— i; and the relative etching speed for Comparative Example 11-10 was 
calculated based on Comparative Example 11-2. Incidentally, apart from 
the above, each of the relative etching speeds for Comparative Examples 
11-^ to II-8 was calculated based on Comparative Example II-l, 
Incidentally, each the etching speeds for each the polishing hquid 
compoations of Examples II-l to 11-12 and Comparative Examples 11-7 to 
n— 8 was a value measured tinder the same conditions as the above etching 
test C described above, except for using these polishing liquid compositions. 

Dishing 

Dishing was evaluated in the same manner as above. Incidentally, 
when there were no recesses having sizes of 0.15 pm or more in the cross 
section profile of the copper interconnection tested, it was evaluated as 
absence of dishing, and when there were recesses having sizes of 0.15 p.m or 
more, it was evaluated as presence of dishing, which are respectively 
denoted in Tables 3 and 4 as "absence" or 'presence." 
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Copper Surface Condition 

The surface condition of the copper film at the copper interconnection 
portion, the interconnection of which has a width of 150 pm on the surface 
of wafer chip used in the evaluation of the dishing was observed by optical 
microscope, to confirm the presence or absence of roughening. 

Here, the etching speed "c" of the polishing hquid compositions used 
for Comparative Examples II-l to 11-6 were as follows. 
Comparative Example II-i: 50 A/min 
Comparative Example 11-2: lOO A/min 
Comparative Example 11-3: 200 A/min 
Comparative Example II-4: 600 A/min 
Comparative Example 11-5: 50 A/min 
Comparative Example 11-6: lOO A/min 
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Table 3 



Ex. 


Aliphatic 




Etching Agent 


Hydrogen 


Abrasive 




No. 


Carboxylic Acid 






Peroxide 




pH 




and/or Its Salt 












Kind Content 


Kind 


Content 


Content 


Kind 




II-l 


Octanoic 
acid 


0.6i> 


Glycohc acid 


2.0i> 


4.0i> 


Colloidal 
Silica 


7.6 


II-2 


Nonanoic 
acid 


0.3 


Glycobc acid 


2.0 


4.0 


Colloidal 
Sihca 


7.7 


II-3 


Heptanoic 
acid 


1.2 


Glycohc acid 


2.0 


4.0 


Colloidal 
Silica 


7.6 


II-4 


Decanoic 
acid 


0.3 


Glycolic acid 


2.0 


4.0 


Colloidal 
Silica 


7.7 


II-5 


Oleic acid 


0.3 


Glycolic acid 


2.0 . 


4.0 


Colloidal 
Silica 


8.0 


II-6 


Isooctanoic 


1.5 


Glycohc acid 


2.0 


4.0 


CoUoidal 


7.7 




acid2) 








Sihca 




II-7 


Octanoic 
acid 


1.2 


Citric acid 


2.0 


2.0 


Fumed 
Sihca 


7.6 


II-8 


Octanoic 
acid 


1.0 


Phthalic 
acid 


2.0 


2.0 


Fumed 
Sihca 


7.9 


II-9 


Octanoic 
acid 


1.5 


Aminotri- 
Ctnethylene- 
phosphonic 
acid) 


2.0 


2.0 


Fumed 
Sihca 


7.6 


11-10 


Octanoic 
acid 


0.4 


Glycohc acid 


2.0 




Colloidal 
Sihca 


7.6 


11-11 


Octanoic 

acid 


1.0 


Hydrochloric 
acid 


2.0 


2.0 


CoUoidal 
Silica 


7-7 


11-12 


Octanoic 
acid 


0.5 


Sulfuric acid 


2.0 


2.0 


Colloidal 
Silica 


7.9 


— Continued — 
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- Continued ~ 



Ex. 




Evaluation for Properties 




No. 


Relative 


Relative 


Comp. Ex. To 


Dishing 


Copper 




X VJXIOI 1 ■ 1 1^ 


Etching 


Which Evaluation 




Surface 






Speed 


Was Based 




Condition 


TT 1 
11—1 


1 0 


0.1 or less 


Comp. Ex. II-l 


Absence 


No 












Roughening 


TT 0 


l.VJ 


0.1 or less 


Comp. Ex. II-l 


Absence 


No 












Roughening 


TT <l 
11 — o 


1 0 


0.1 or less 


Comp. Ex. II-l 


Absence 


No 












Roughening 


TT_4 
11— ft 


0 Q 


0.1 or less 


Comp. Ex. II-l 


Absence 


No 












Roughening 


TT f\ 
11—0 


n Q 

U.l7 


0 1 or Ipss 


Comp. Ex. II— 1 


Absence 


No 










Roughening 


11— D 




0 1 or less 


Comp. Ex. II— 1 


Absence 


No 












Roughening 


TT *? 
11—/ 


1 A 
l.U 


n 1 rvr 

\/.X VX XtTOO 


Comp. Ex. II— 2 


Absence 


No 












Roughening 


TT O 
li— O 


Q 


0.1 or less 


Comp. Ex. II-3 


Absence 


No 










Roughening 


II-9 


0.9 


0.1 or less 


Comp. Ex. II-4 


Absence 


No 










Roughening 


11-10 


0.9 


0.1 or less 


Comp. Ex. II-5 


Absence 


No 










Roughening 


11-11 


0.9 


0.1 or less 


Comp. Ex. 11-11 


Absence 


No 












Roughening 


11-12 


0.9 


0.1 or less 


Comp. Ex. 11-12 


Absence 


No 










Roughening 



Note 1): % by weight 

2): Secanoic C8 acid (trade name, commercially available 
from Exon Chemicals KK.) 
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Comp. 


Aliphatic 




Etching Agent 


Hydrogen 


Abrasive 




Ex. 


Carboxylic Acid 






Peroxide 




pH 


No. 


and/or Its Salt 












Kind Content 


ivina 


Content 


Content 


Kind 




II— 1 






Glycolic add 


2.0^ 


4.0i> 


Colloidal 


7.6 












Silica 




II-2 






Citric acid 


2.0 


2.0 


Fxmied 
Silica 


7.6 


II-3 


— 


— 


PhthaUc 

acid 


2.0 


2.0 


Fumed 
Silica 


7.9 


11-4 






Aminotri- 
(methylene— 
phosphonic 
acid; 


2.0 


2.0 


Ftmied 
Silica 


7.6 


II— 5 


- 


- 


Glycolic add 


2.0 





Colloidal 
Silica 


7.6 


II-6 


- 


- 


Glycolic acid 
Citric acid 


1 n 

l.U 

1.0 


4.0 


Colloidal 
Silica 


7.6 


II-7 


Octanoic 
acid 

Heptanoic 
acid 


0.51) 
0.5 






4.0 


Colloidal 
Silica 


7.8 


II-8 


Oleic add 


0.5 






4.0 


Colloidal 
Silica 


7.6 


II-9 


Benzo- 


0.3 


Glycolic acid 


2.0 


4.0 


Colloidal 


7.6 




triazole 








Silica 




11-10 


Ammonium 

Poly- 

acrylate 


1.0 


Citric add 


2.0 


2.0 


Fumed 
SiHca 


7.6 


11-11 






Hydrochloric 
add 


2.0 


2.0 


Colloidal 
Silica 


7.7 


11-12 






Sulfuric 
add 


2.0 


2.0 


Colloidal 
Silica 


7.9 



— Continued - 
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— Continued - 



Comp. Evaluation for Properties 



Ex. 


Relative 


Relative 


Comp. Ex. To 


Dishing 


Copper 


No. 


Polishing 


Etching 


Which Evaluation 




Surface 




Speed 


Speed 


Was Based 




Condition 


II-l 


1.0 


1.0 


- 


Presence 


No 












Roughening 


II-2 


1.0 


1.0 


— 


Presence 


No 












Roughening 


II-3 


1.0 


1.0 


- 


Presence 


No 












Roughening 


II-4 


1.0 


1.0 


- 


Presence 


No 












Roughening 


II-5 


1.0 


1.0 


— 


Presence 


No 












Roughening 


II-6 


1.3 


1.5 


Comp. Ex. II-l 


Presence 


No 












Roughening 


II-7 


0.1 or less 


0.1 or less 


Comp. Ex. II-l 






II-8 


0.1 or less 


0.1 or less 


Comp. Ex. II-l 


The polishing speed was 


n-9 


0.1 or less 


0.1 or less 


Comp. Ex. II-l 


too slow to be evaluated. 


11-10 


1.2 


0.1 or less 


Comp. Ex. II-2 


Absence 


Presence of 












Roughening 


11-11 


1.0 


1.0 




Presence 


No 












Roughening 


11-12 


1.0 


1.0 




Presence 


No 












Roughening 



Note 1): 



% by weight 
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It is found from the resiilts of Tables 3 and 4 that all of the poHshing 
liquid compositions of Examples lE-l to 11-12 where the aliphatic carboxylic 
acid having 7 to 24 carbon atoms is formulated in the polishing Hquid 
composition suppressed the etching speed and the dishing is not generated 
without substantially lowenng the polishing speed, as compared to the 
polishing liquid compositions of Comparative Examples II-l to II-5, 11-11 
and n— 12 where the aliphatic carboxylic add is not formulated. 

In addition, the poHshing liquid composition of Comparative Example 
n-6 where two kinds of aliphatic carboxyHc acids having 6 or less carbon 
atoms are Tised in combination without using the aliphatic carboxylic add 
having 7 to 24 carbon atoms has high etching ^eed and the dishing 
generated. 

In addition, it is found that aU of the polishing hquid composition of 
Comparative Example 11-7 where two kinds of the ahphatic carboxyHc adds 
having 7 to 24 carbon atoms are used in combination; the poHshing Hquid 
composition of Comparative Example 11-8 where the organic add capable of 
forming an aqueous salt with copper is not formulated; and the poHshing 
Hquid composition of Comparative Example II-9 where benzotriazole for 
suppressing etching is formulated have extremely low polishing speeds, and 
that the polishing Hquid composition of Comparative Example 11-10 where 
ammonium polyacrylate is formulated has copper surface with roughening 
generated. 

Therefore, an even higher poHshing speed can be realized by using 
the aHphatic carboxyHc add having 7 to 24 carbon atoms in combination 
with an etching agent, and the dishing can be prevented. 
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Especially, jBrom the vie-wpoint of keeping the low— foamahility during 
polishing, it is more preferable that the aliphatic carboxylic acid having 7 to 
24 carbon atoms is heptanoic acid, octanoic acid and nonanoic add. 

Examples III-l to HIS and Comparative Examples in-1 to ni-5 
Each of the etching agents shown in Table 5, and the amine 
compound were mixed with a given amount of water, so as to have the 
proportion shown in Table 5, and thereafter an aqueous ammonia was 
added so as to have a pH of the liquid mixture of 6 to 8. Further, hydrogen 
peroxide was added so as to have a proportion shown in Table 5. Further, 
5% by weight portion of an abrasive shown in Table 5 was mixed with 
stirring, and thereafter a pH of the liquid mixture was adjusted to the value 
shown in Table 5, to give a polishing liquid composition. Incidentally, each 
of the used abrasives was fumed silica (primary particle size'- 50 nm) and 
colloidal silica (primary particle size- 100 nm). In addition, a rolled copper 
plate of a diameter of 50 mm and a plate thickness of 1 mm was polished 
under the same conditions as above by single-sided polishing machine. 

In addition, the properties of the polishing liquid composition such as 
relative polishing speed, relative etching speed, and dishing of the surface to 
be polished were evaluated in accordance with the following methods. The 
results thereof are shown in Table 5. 

Relative Polishing Speed 

The relative polishing speed is a value obtained by dividing the 
polishing speed of a poHshing Hquid composition by a polishing speed of a 
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comparative example where tie kinds and the amounts of an abrasive, an 
oxidizing agent and an etching agent were the same as the polishing liquid 
composition. The polishing speed was obtained by polishing a rolled copper 
plate of a diameter of 50 mm and a plate thickness of 1 mm, determining a 
change in the thickness before and after polishing, and dividing the 
resultant value hy a polishing time. InddentaUy, the thickness of the 
copper plate was measured by using a high-precision digital analyzer 
"MENIAy commercially available from K K. Tokyo Seimitsu. Here, each of 
the relative polishing speeds for Examples III-l, ni-2, 111-4, 111-5, and 
ni-7 was calculated hased on Comparative Example III-i; the relative 
poKshing speed for Example 111-6 was calculated based on Comparative 
Example ni-2; tiie relative polishing speed for Example 111-3 was 
calculated based on Comparative Example 111-3; and the relative poHshing 
speed for Example III-8 was calculated based on Comparative Example 
m— 4. Incidentally, apart from the above, the relative pohshing speed for 
Comparative Example III-5 was calculated based on Comparative Example 

m-i. 

Relative Et rhinpr fipt^pA 

The relative etching speed is a value obtained by dividing an etching 
speed of the polishing liqvdd composition comprising the above amine 
compound and/or its salt by an etching speed "c" of a polishing Hquid 
composition not containing the above amine compound and/or its salt but 
having the same kinds and the amounts of an abrasive, an oxidizing agent 
and an etching agent as the pohshing liquid composition. Here, each of the 
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relative etching speeds for Examples III-l, m-2, 111-4, III— 5, and III— 7 was 
calculated based on Comparative Example III— i; the relative etching speed 
for Example 111-6 was calculated based on Comparative Example 111—2; the 
relative etching speed for Example 111-3 was calculated based on 
Comparative Example III-3; and the relative etching speed for Example 
ni-S was calculated based on Comparative Example 111-4. Incidentally, 
apart from the above, the relative etching speed for Comparative Example 
III-5 was calculated based on Comparative Example III-l. 
Incidentally, each the etching speeds for each the poUshing liquid * 
compositions of Examples III-l to HIS and Comparative Example 
ni-5 was a value measured under the same conditions as the above etching 
test C described above, except for using these polishing liquid compositions. 

Ashing 

Dishing was evaluated in the same manner as above. Incidentally, 
when there were no recesses having sizes of 0.15 pm or more in the cross 
section profile of the copper interconnection tested, it was evaluated as 
absence of dishing, and when there were recesses having sizes of 0.15 ]im or 
more, it was evaluated as presence of dishing, which are respectively 
denoted in Table 5 as "absence" or '^presence." 

Here, the etching speed "c" of the polishing liquid compositions used 
for Comparative Examples III-l to III-4 were as foEows. 
Comp arative Example III-l • 50 A/min 
Comparative Example III-2: 100 A/min 
Comparative Example I1I-3: 50 A/min 
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Comparative Example 111-4: 50 A/min 



Table 5 





Ex. 


Amine Compound 


Etching Agent 


Hydrogen 


Abrasive 






No. 










Peroxide 










Kind 


Content 
(% by 
wt.) 


Kind 


Content 

(%by 

wt.) 


Content 
(% by 
wt.) 


Kind 






III-l 


Octylamine 


0-8 


Glycohc 
acid 


2.0 


4.0 


Colloidal 
Sihca 


7.6 




III-2 


Nonylamine 


0.6 


Glycolic 


2.0 


4.0 


Colloidal 


7.6 








acid 






Sihca 






III-3 


Decvlamine 


1.0 


Hydro- 


2^0 


2.0 


CoUoidal 


7.7 








chloric 






Silica 




z 








acid 












III-4 


Oleylamine 


0.4 


Glycolic 


2.0 


4.0 


Colloidal 


7.6 








acid 






Sihca 




m 


III-5 


Dimethyl— 


0.5 


Glycohc 


2.0 


4.0 


Colloidal 


7.6 






dodetyl- 




add 






Sihca 








amine 














■5=SSr 


III-6 


Dimethyl- 
dodecyl- 


0.8 


Citric 
add 


2.0 


2.0 


Fumed 
Saica 


7.6 






amine 
















III-7 


Dodecyl- 
diethanol- 


0.8 


Glycolic 
add 


2.0 


4.0 


Colloidal 
Sihca 


7.6 






amine 
















III-8 


Octylamine 


0.5 


Glycohc 


2.0 




Uoiioiaai 


•7 C 
I.O 








acid 






Sihca 






Comp. Ex. No. 
















m-1 






Glycohc 
add 


2.0 


4.0 


CoUoidal 
Sihca 


7.6 




III-2 






Citric 
acid 


2.0 


2.0 


Fumed 
Sihca 


7.6 




III-3 






Hydro- 
chloric 
acid 


2.0 


2.0 


Colloidal 
Silica 


7.7 




ni-4 






Glycohc 
acid 


2.0 




CoUoidal 
Silica 


7.6 




III-5 


Benzotri- 
azole 


0.3 


Glycohc 
add 


2.0 


4.0 


CoUoidal 
SUica 


7.6 



— Continued - 
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- Contmued - 



Ex. Evaluation for Properties 



No. 


Relative 


Relative 


Comp. Ex. To 


Dishing 




Polishing 


Etching 


Which Evaluation 






Speed 


Speed 


Was Based 




III-l 


1.0 


0.1 or less 


Comp. Ex. III-l 


Absence 


III-2 


0.9 


0.1 or less 


Comp. Ex. III-l 


Absence 


in-3 


1.0 


0.1 or less 


Comp. Ex. III-3 


Absence 


III-4 


0.9 


0.1 or less 


Comp. Ex. III-l 


Absence 


III-5 


0.9 


0.1 or less 


Comp. Ex. III-l 


Absence 




0.9 


0. 1 or less 


Comp. Ex. III-2 


Absence 


III-7 


0.9 


0.1 or less 


Comp. Ex. III-l 


Absence 


III-8 


0.9 


0.1 or less 


Comp. Ex. III-4 


Absence 


Comp. Ex. No. 








III-l 


1.0 


1.0 




Presence 


III-2 


1.0 


1.0 




Presence 


III-3 


1.0 


1.0 




Presence 


ni-4 


1.0 


1.0 




Presence 


III-5 


0.1 or less 


0.1 or less 


Comp. Ex. III-l 


* 



Note *'■ The polishing speed was too slow to be evaluated. 

It is found from the results of Table 5 that all of the polisMng liquid 
compositions of Examples III-l to 111-8 where the amine compound is 
formulated in the polishing liquid composition suppressed the etcMng speed 
and the dishing is not generated without substantially lowering the 
polishing speed, as compared to the polishing liquid compositions of 
Comparative Examples III-l to 111-4 where the amine compound is not 
formulated. 

In addition, it is found that the polishing liquid composition of 
Comparative Example III-5 where benzotriazole acting to suppressing 
etching was used in place of the amine compound, the polishing speed is 
extremely low. 
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Therefore, it is found that an even higher polishing speed can be 
realized by using the amine compound in combiaation with an etching agent, 
and the dishing can be prevented. 

Especially, from the viewpoint of keeping the low-foamability during 
polishing, it is more preferable that the amine compound is heptylamine, 
octylamine and nonylamine. 

Since the polishing liquid composition of the present invention is used 
for polishing a surface to be poUshed comprising an insulating layer and a 
metal layer, there are exhibited such effects that the polishing speed of the 
metal film is maintained, that the etching speed is suppressed, and defects 
such as dishing in the interconnection metal layer is not generated. 



11-06-2001 JP 000004571 

63 



CLAIMS 

1. A polSsTn'ng licpiid composition fox polishing a sxirface to be polis3ied 
comprisTTig an InsulatiBg layer and a metal layer, the polishing liquid 

5 compodtion compiisin^ a compound having a structure in which each of two 
ox more adjacent carbon atoms has a hydro^orl group in a molecule, and 
xiTater. whereia the ccunpoimd having a structure in which each of two or 
more adjacent carbon atoms has a hydroxyl group in a molecide is 
represented by the formula CD- 
10 R»-X-(CH2)a-(CH(OH)3n-CH20H CD 

wherein. is a hydzocarhon group having 1 to 24 carbon atoms.' X is a 
group represented by (CEidm, wherein m is 1, oxygen atom, sulfur atom. - 

COO group, OCO group, a group represented by NE^ or 0CR20)P(0)0, 

1 5 wherein is hydrogen atom or a hydrocarbon group having 1 to 24 cari>on 
atoms: qis 0 or i; and n is an integer of 1 to 4. 

2. The polishing liquid composition according to daim 1, further 
comprising an organic add. 

20 

3. The polishing liquid compositian according to rl^iTm 2, wherein Ihe 
organic acid is an etching agent. 

4. The polishing liquid composition according to claim 1, further 
25 comprising an etching agent compzidng an inorganic add. 
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5. ApoBshing liquid compositioii &r polishing a sux£ace to be polished 
compziaing an insulating layer and a metal layer, the polishing tiquid 
composition compxisiag an ajliphatic carb(»QrIic add having 7 to 24 caxfoon 

5 atoms and/or a salt thereof an etching ag^t comprising an organic add, 
and water. 

6. A poHshing liquid compoaitian fox polishmg a surface to be polished 
comprising an insulating layer and a metal layer, the polishing liquid 

10 composition comprising an amine compound represented by the following 
general formula (□)• 

E^N^ (n) 

wherein is a Hneax or branched alkyl group having 4 to 18 carbon atoms, 
a linear or branched alkensd group ha:ving 4 to 18 carbon atoms, an axyi 

IS group having 6 to IS carbon atoms, and an aralkyl group having 7 to 18 
carbon atoms: each of "k^ and "BP, which may he identical or different, is 
hydrogen atom, a linear all^ group having 1 to 8 carhon atoms or a branched 
sJiksrl group having 3 to 8 carbon atoms, or a group repres^ted by H-(OE^)r-, 
wherein is a linear al^lene group having 1 to 3 carbon atoms, ox a 

20 branched alkylene group having 3 carbon atoms! and Z is a number of 1 to 20, 
and/or a salt thereof, an etdiing agent, an oxidizing agent, and water. 
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7. Tke polislmig liquid composition sxxaidiag to any tme ci claims 1 to S, 
fiirdaer comprimng aa oxidizLag agent. 

S. Hie poliahii^ liquid composition according to any one of claims 1 to 7, 
5 further compxiains an abrasive. 

g. A process for polishing a semiconductor substrate, comprising 
polishing a surface to be polished comprising an insulating layer and a 
metal layer using the polishing liquid composition of any one of daiTna 1 to 8, 
10 thereby smoothening the semiconductor substrate. 

10. A process for manufacturing a semiconductor substrate comprising 
polishing a suzf^e to be polished compzising' an insulating layer and a 
metal layer~using4ihe paliahing liquid compositum of any one of claims I to 8, 
15 thereby smoothening the semiconductor safastratel 
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As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated 
next to my name. 

I believe I am the original, first and sole Inventor (if only one 
name is listed below) or an original, first and joint inventor (if 

plura! names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention 
entitled. 

POLISHING LIQUID COMPOSITION 



14 



the specification of which 
□ is attached hereto. 



July 7, 2000 



la was filed on . 

as United States Application Number or 
PCT International Application Number 
PCT/JPOO/04571 and was amended on 
' (if applicable). 

I hereby state that I have reviewed and understand the 
contents of the above identified specification, including the 
claims, as amended by any amendment refenred to above. 

I acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37. Code of Federal 
Regulations, Section 1.56. 
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Prior Foreign Application(s) 

11-198263 

(Number) 

2000-30477 
(Number) 



Japan 



(Country) 
(H«) 
Japan 



(Country) 



(Application No.) 



(Filing Date) 

(itJMa) 



365^ (c) f;»cf<«*iJ*CC{^±^L*1-, ^fc, *ttiM©§ 



(AppHcatlonNo.) 
(ffllSS#) 



(Application No.) 



(Ring Date) 
(tUffiB) 



Page 



I hereby dam foreign priority under Title 35, United States Code, 
Section 1 1 9 {a)-(d) or 365(b) of any foreign applicadon(s) for patent 
or inventor's certificate, or Section 365(a) of any POT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking tiie box, any foreign application for patent or inventor's 
certificate, or PCT International application hawng a filing date 
before that of the application on which priority is daimed. 

Priority Claimed 

13/07/1999 



(Day/Month/Year RIed) 

08/02/2000 
(Day/lVlonthA'ear Filed) 
(ffiM^^B) 



IHI 
Yes 

m 

Yes 



□ 
No 

□ 
No 



I hereby claim the benefit under Titie 35, United States Code, 
Section 119(e) of any United States provisional application(s) listed 
below. 



(Application No.) (RiingDate) 

1 hereby claim the benefit under Title 35, United States Code, Section 
120 of any United States appiication(s), or Section 365(c) of any PCT 
Intemational application designating the United States, listed below 
and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
Intemational appfication in the manner provided by the first paragraph 
of Title 35, United States Code Section 112, 1 acknowledge the duty 
to disclose information which is material to patentability as defined in 
Title 37, Code of Federal Regulations, Section 1.56 whteh became 
available between tiie filing date of tiie prior application and the 
national or PCT Intemational filing date of appifcation. 



(Status: Patented, Pending, Abandoned) 

(Status: Patented, Pending, Abandoned) 

mu : i^mm-^m. mm^. mmm) 

I hereby declare that all statements made herein of my own 
knowledge are tme and that aJI statements made on Infomiation 
and beKef are believed to be true; and furttier that these statements 
were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Titie 18 of tiie United States Code and that such 
willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 
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POWER OF ATTORNEY: As a named inventor, 1 hereby appoint 
the following attorney(s) and/or agent(s} to prosecute this 
application and transact all tjusiness in th^ Patent and Trademaik 
Office connected therewith: (Sst name and res^sbathnnmibeij 
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Send Correspondence to:^\^ 






V_ 022860 ^ 


a — 




t 




Direct Telephone Calls ta (name and telephone number) 
(703) 413-3000 








4 


i . 


FuO nante of sole or first joint inventor 
Yasuhiro YONEDA 




I 




Inventor's ^nature ^ . Date 




¥ 
h 
r 


! 


Residence . 

Nakayana-shi, Hakayana| 640-8580 Japan 




C 

n 


1 mm 

V 


^^'^i^^^^'P Japan 








Post OfTice Address 
c/o Kao Corporation, Research Laboratories, 








1334, Minato, Wakayama-shi,|Wakaxama) 640-8580 
jJapan 








Full name of second joM inventor, if any 
Rvoichl if^RHTSiOTO 








Second joint Invei^r's signature Date 








Residence « \ 
Wakayania-shi,/ Wakayama 640-8580 Japan 








Citizenship j^pan 








Post Office Address 
c/o Kao Corporation, Research Laboratories, 








1334, Minato. Wakayama-shi , Wakayana 640-8580 
Japan 






(Supply shillar information and s^nature for third and subsequent 
joint inventors.) 
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Full name of third ioint inventor, if any 
Toshiya HAGIHARA 




Third joint Inventor's signature Date 




WakajTraa-shi , Wakayama 640-8580 Japan 


mm 


Citizensh^ Japan 




c/o°^Kao*^Corpo^ti0n, Research Laboratories, 




1334, Minato, Wakayana-shi , Wakayama 640-8580 
Japan. 






Full name of fourth joint inventor, if any 




Fourth joint Inventor's signature Date 


am 


Residence 




Citizenship 




Post Office Address 
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Full name of fifth joint inventor, 9 any 
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Fifth joint Inventor's agnature Date 




Readence 




Citizenship 




Post Office Address 









FuH name of sixth Joint inventor, if any 




Sixth joint Inventor's signature Date 


am 


Residence 


mm 


Citizenship 




Post Office Address 







(^AS Mi^ ti\m.<r>i^^mn^^zn (Supply similar information and signature for third and 

mi^^Xfmi^^i^t^Z. to ) sequent joint inventors.) 
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